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\\RATORS » TRANSFORMERS 
-\ICHGEAR + SYNCHRONOUS : | 
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‘IROL. EQUIPMENT - 
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METROPOLITAN-VICKERS ELECTRICAL CO. LTD., MANCHESTER 17, ENGLAND 
Member of the A.E.1. group of companies 





The proven fact 


Whether it’s metalclad men or the same kind 

of switchgear, the fact of reliability proved in the 
armourer’s or the test bay outweighs all 

other considerations. With metalclad switchgear, 

which controls power, loosely comparable to that of four 
million armed men, unreliability is a sad thing indeed. 
So, with all the efficiency and care we can muster— 

and after more than half a century that’s a whole lot— 
we make switchgear that has been proved by the 

most arduous practical tests to be extremely reliable. 


REYROLLE 


A. REYROLLE & CO. LTO., HEBBURN, CO. DURHAM, 


METALCLAD SWITCHGEAR 
1951 
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‘CONTROL VALVES 
for Hydro-Electric Power Plants 





THE NEEDLE VALVE 


is ideal for regulation in all positions 
of free 

combine 

integral with the body to ensure 

the harmless dissipation of the 
issuing jet- 

Hana-operate? through 

eared headstock set direct 

on the valve OT other con- 


astiron 
teel Construction 
nze inside screw working 
al nut and with faces of hard 


bronze. j in sizes from nine 


inches to nin 











BOMBAY 
oO ; ° 
FFICE: 9 Wallace Street. 


CALC 
UITA OFFICE: Fairlie House, F a rea 
, Fairlie Place, P.O. B 
, P.O, Box 2115 


Representati 
tatives in m 
ost countries Head Office & Works : 
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ILMARNOCK SCOTLAND 


GLENFIEL 
D & K 
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NNEDY. LIMITED. KILMA 
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Power-Line 
Carrier Telephony 


Coupling equipment of a 
carrier telephony transmis- 
sion at the Moérel power 
station (Switzerland). 500-A 
double-wave trap and associated 
coupling capacitor mounted 
on a special frame in the 
outdoor switching station. This 
carrier link, superimposed on 
the 150-kV transmission line 
over the Nufenen Pass, per- 
mits telephone communication 
between the Morel and 
Lucendro power stations. 


Our range of manufactures 

includes : 

Radio equipment for stationary 

and mobile applications/Radio- 

relay equipment / Broadcasting 

and radiotelegraphy trans- 

mitters / Electronic generators 

for industrial purposes / Trans- 

mitting and rectifier tubes AB 
Remote supervisory equipment 


BROWN, BOVERI & CO., LTD., BADEN (SWITZERLAND) 
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WAITAKI power station, New Zealand. 


5— 23,000 hp. BOVING FRANCIS turbdines. 


The Waitaki power station is 

at present being extended 

with two BOVING-FRANCIS 

turbines. The station will then 

contain seven main turbines, 

all but the third and fourth 

being supplied by BOVING. The 

fabricated runner for one of these 
turbines is illustrated. 


ype 
g Diameter of runner 12.3 ft. 


€ cOmePaNY Limited 


WATER POWER ENGINEERS 


Head Office: 
56, KINGSWAY, LONDON, W.C.2, ENGLAND 
Branch Offices: Wellington: Druids Chambers, Woodward Street. 
Melbourne: 99 Queen Street. 
Calcutta: c/o Messrs. Macneill & Barry Ltd., 2 Fairlie Place. 


Chittagong: (Pakistan.) c/o Messrs. Macneill & Barry Ltd., Strand Road. 
B.C.1! 
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4 FOR LONG TERM ECONOMY |- 
IN AIR POWER... 


Air power for the Quarry, the Mine, the Foundry 
or Factoiy is provided in its most reliable form by 
CP compressors, behind which is half a century 
of leadership in design and manufacture. Here is 
illustrated just one example of a CP stationary 
plant, designed and constructed for long, trouble- 
free, peak performance. The low maintenance 


costs of these CP compressors over years of 


service is profitable proof of the wisdom 
in installing the best. The full CP range covers 
models in capacities from 66 cu. ft. to 500 
cu. ft. At all CP branches there are experts 
in the application of compressed air to industry. 
Their knowledge and experience are yours 
for the asking, so, for all compressed air 
installations ... 


= 








CALL IN| CONSOLIDATED 





CONSOLIDATED PNEUMATIC TOOL CO. LTD. - LONDON & FRASERBURGH om 
Offices at Glasgow * Newcastle - Manchester * Birmingham * Leeds - Bridgend - Belfast - Dublin - Johannesburg 
Bombay * Melbourne - Paris Rotterdam * Brussels * Milan - and principal cities throughout the world r 
ATE. 
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Hydro-electric Equipment 


General view of Tummel Power 
Station—The Grampian Electricity 
Supply Co. Ltd. 


21,250 kVA, 300 r.pm. 11,000/13,000 
volt, 50 cycle, three-phase waterwheel- 
driven alternators (horizontal type) in- 
stalled in the Tummel Power Station. 


For all plant required for 
Hydro-electric Power Schemes — 
Consult B T H 





BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO, LTD. RUGBY, ENGLAND 





Member of the AEl group of companies 
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Dominion Engineering 
HYDRAULIC TURBINES 


Water power has been a dominant factor in Canada’s 
tremendous modern advance — and over half the water 
power developed in Canada has been harnessed by 
Dominion Engineering Hydraulic Turbines. 


In Canada and abroad, the Francis, Propeller and 
Impulse Type Turbines already installed or now under 
construction at Dominion Engineering represents a total 
capacity of over 8,800,000 H.P. 

The facilities and experience indicated by such a 
record are at your service anywhere in the world. 


Write for General Bulletin No. 201 on Dominion Hydraulic Turbines. 


Dominion Engineering Works at Montreal, Canada 


<< 


& 
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MONTREAL, CANADA CABLE: DOMWORKS 
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A SOUTH DURHAM STEEL PIPE LINE FOR 


Lavado Vita Nova 


HYDRO-ELECTRIC SCHEME 


This important scheme to increase civil and 
industrial power resources in N.W. Portugal now 
approaches completion. The 300 ft. high Venda 
Nova dam across the River Rabagoa near its 
confluence with the Cavado, forms the reservoir 
from which water flows 1} miles through a tunnel 
through intervening mountain to a valve house at 
the tunnel outlet. From this point a South Durham 
Steel pipe line 
carriestheflow 
some 2,950 ft. 
down to the 
turbine house. 


The South 
Durham steel 
pipe is in dia- 
meters 93’, 
7, mm, ae 
and is electric- 
ally welded 
throughout 
with spigot 
and socket jointing for welding in situ. The pipe 
thickness is '3/;5° to 2)” for a working pressure at 
Power House of 590 Ibs. per square inch. Total 
weight of the pipe line is 2,000 tons and all pipe 
and special pieces were erected, welded and tested 
by South Durham engineers and skilled workmen. 














SOUTH DURHAM 
STEEL PIPES 


ie cokes de a ae ee - 


South Durham Steel & Iron Co. Ltd., Pipe Department, 
Stockton-on-Tees. Telephone: Stockton-on-Tees 66117. 
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The success of THE SWEDISH METHOD 
at the Vinstra* Power Station in Norway 


In the 14 mile main outlet tunnel of the 
Vinstra Power Station project in Nor- 
way, six men work the face shift—and six 
only. Five miners and a working fore- 
man. Between them, these six men drill a 
rock face area of 322 square feet, charge, 
blast and muck out. 


How is it done ? 

Vinstra has adopted the Swedish Method 
lock, stock and barrel. These illustrations 
demonstrate the progress of work through 
the shift. The drills used are 47 lb. Atlas 
RH-655W with the Atlas 38 Ib. pneumatic 
pusher—and no other rigging accessories 
are used or needed. The steels are Coromant 
hard metal tipped—made at the famous 
Sandvik Steelworks—and they are drilling 
50 feet between re-sharpening changes. 
The shovel loaders are Atlas single-handed 
self-loaders. To keep the speed, all drilling 
equipment is kept on an Atlas designed 
drill carriage, the beauty of which is in- 
creased by the fact that it is also used as a 
car shunter. 

Six men at Vinstra are driving steadily for- 
ward, advancing 82 ft. per week through 
mica schist, which is medium difficult to 
drill and very tough to blast. This rate of 
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Loading a car and switching it from one rail to 
another by the pneumatically operated boom on 
the drill carriage is a matter of minutes. 


progress corresponds with 980 cubic yards 
or about 9 cubic yards per manshift. 


Initial assembly for drilling 
in 3 to 7 minutes 

Everything in the method is designed for 
time saving. Initial assembly takes only 3 
to 7 minutes. Change of position is just a 
matter of shifting the pusher. Drillchanges, 
using the Sandvik Coromant steels that 
can drill 50 ft. of hard leptite before effec- 
tively losing gauge or edge, waste little time. 
For 85% of drilling time, the Sandvik 
Coromant steel is drilling. It is freedom 
from changing delays and frequent labor- 
ious rigging that gives extra speed and 
makes tunnelling by the Swedish Method 
light work for the miner. 


The Method as used at Vinstra 


In the first shift a pilot tunnel is drilled to 
just over 7 ft. and those holes and five holes 
of the top section are blasted and mucked 
out. In the next shift, another 7 ft. of the 
pilot tunnel is drilled in the same way and 
also the remaining holes in the roof stope. 
After blasting the round, mucking is started 
during this second shift and finished during 
the third. Atlas loaders are used on two sets 
of rails, cars being transferred from the ‘up’ 
rail to the ‘down’ rail by a pneumatically 
operated boom on the drill carriage. Load- 
ing a car and switching it from one rail to 
another is a matter of minutes. 


Consider this comparison ! 


One man operaies the Atlas drill as against 
14 to 2 men on the drifter. Power absorbed 
is 20 h.p. against 40 h.p. Actual drilling is 
85 % of the drilling time and for each 150 ft. 
drilled, only 3 Sandvik Coromant bits need 
to be ground. Wherever miners are breaking 
rock, the Swedish Method can cut the cost 
of advance. This method can be adapted 
and applied to every type of operation in 
which rock drills are used. The services and 
advice of Atlas engineers are placed at the 
disposal of all who require them. 


Six men at the fa 
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* 4T VINSTRA in the Gudbrand | 
this new hydro-electric plant nowin 
of erection, will include four unitsa 
duce 180,000 k W. There are four! 
of which the main supply tunnel des 
here is over 14 miles long. Theé 
tunnelling operation was planned 
Diesel’s Projecting Department. 
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Our business (or professional) letter-heading is attached 
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Please send us literature describing the Swedish Method as operated at Vinstra, addressing it personally to 


VOUCHER To ATLAS DIESEL COMPANY LTD., Beresford Avenue, Wembley, Middlesex. 
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Two men drilling here~. 
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or professional letter-heading. 
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OF PILOT TUNNEL AND REMAINDER .OF ROOF STOPE 


LOWER PART OF ROOF STOPE 


out this Voucher and posting it to 
Diesel Company Limited, attached 
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describing the work at Vinstra with 
the equipment used may be obtained 
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HE two illustrations show views of a 

section of the Lochaber Power Scheme, 
which involved the construction of three 
large Dams, about twenty miles of concrete 
lined Tunnels, five Pipelines each 3,200 feet 
long, a Power House, Factory foundations, 
Tail Race and ancillary works. 


BALFOUR BEATTY £ Co. Limited 


_ a 


6 QUEEN STREET, LONDON, E.C.4. Telephone : CITY 2046 (15 lines) Telegroms : RUOFLAB, CANNON, LONDON 


AND AT EDINBURGH BAGHDAD NAIROBI BUENOS AYRES 


WATER POWER October 1951 13 





OVER EIGHT 
MILLION 
HORSEPOWER 


The Newport News Shipbuilding 


and Dry Dock Company has re. 
ceived orders for the building of 
hydraulic turbines aggregate rated 


output of 8,135,000 horsepower, 





ASSEMBLY OF SPIRAL CASINGS FOR C. J. STRIKE DEVELOPMENT 


NEWPORT NEWS 
SHIPBUILDING. AND DRY DOCK COMPANY 
Newport News, Virginia 
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AERIAL CABLEWAYS 
Henderson Aerial Cableways have 
solved the problem of raising, trans- 
porting and depositing concrete, 
shuttering and other materials for 
the construction of large Dams and 
Barrages. 
Henderson Cableways are being used for 
the construction of the Dams at Loch Sloy 
and Glen Shira, North Scotland, Hydro- 
Electric Board, and various other home 
and overseas undertakings. 


DERRICK CRANES 

Henderson Cranes are chosen so often 
because of their speed and versatility 
in lifting materials. Their safety and 
economy in operation are also assured. 
Supplied to many leading contractors 
Henderson Derrick Cranes of all types 
and capacities can be manufactured for 
Steam, electric, petrol or diesel drive. 
Cranes can also be fixed or travelling 
types. Normal! sizes are from 10 cwr. 
to 69 tons Load capacity. With jibs 
up to 120 feet. 








. 
ae 
acts Wile 
View of Henderson Cableways during the con- 
struction of the Claerwen Dam, courtesy of the 


Birmingham Corporation Water Works. Con- 
tractors Messrs. Edmund Nuttali Sons & Co., Ltd, 


Aerial Cableways 


AND DERRICK CRANES 
FOR HYDRO ELECTRIC SCHEMES 


JOHN M- HENDERSON AND COMPANY LIMITED KINGS WORKS ABERDEEN 
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SHoep WINDOW For BRITISH ENGINEERING 





Tummel-Garry Scheme, Pitlochry Dam 


The North of Scotland Hydro-Electric Board are 
harnessing the water power resources of the High- 
lands of Scotland, which are estimated to have a 
potential annual output of 10,000,000,000 kilowatt 
hours, distributing electricity in an area of 21,750 
square miles and also supplying power to Britain’s 
National Grid. 

More than one hundred hydro-electric schemes are 
visualised in this development. 

Schemes with an estimated annual output of 
3,300,000,000 kilowatt hours and a _ kilowatt 
capacity of 1,126,000 are in operation, under 

* construction or in preparation. 

On the doorstep of world-famous engineering firms 
the visitor will see a wide range of generating 
machinery and equipment operating under diverse 
conditions. 


NORTH OF SCOTLAND HYDRO-ELECTRIC BOARD 
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Supremely reliable... 


. backed by over a quarter century 
of experience in the manufacture of trans- 
formers up to the largest sizes and highest 
service voltages, including many water- 
cooled units for hydro-electric systems. 





HACKBRI 


LT RANSTFORM 








HACKBRIDGE AND HEWITTIC ELECTRIC CO. LTD. 


WALTON-ON-THAMES, SURREY 


Telephone : Walton-on-Thames 760 (8 lines) Telegrams : Electric, Walton-on-Thames 
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IT IS THIS CAPACITY FOR 
PROVING THE QUALITY OF 
TT INSULATORS. .... 


jor 
TT. HIGH VOLTAGE 
PORCELAIN 


INSULATORS -~ . ~ 
ARE FAMOUS ALL =& ; 
OVER THE WoRLD ‘/@ - 


r 


} 





Taylor Tunnicliff & Co. Ltd., Eastwood, Hanley, Staffs London Office :1 25 High Holborn, London, W.C.I 


Telephone : Stoke-on-Trent 5272/4 Telephone : Holborn 1951/2 
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Vy make a good 


circuit breaker better ? 


HE man who built a better mouse-trap could an- 

swer that. No sooner had he marketed his mouse- 
catcher than some one else came out with a still 
better one. 

That's why Westinghouse has always been the 
first to improve its own products for the generation 
and distribution of electrical power. A typical ex- 
ample is the Type GM Oil Circuit Breaker intro- 
duced a few years ago. This De-ion breaker saved as 
much as 20% in floor space, 7% in height, 52% in 
weight and 56% on oil required for previous break- 
ers. Now, making this good breaker even better, 
Westinghouse has produced the new Type GW Oil 
Circuit Breaker. 

Smaller and !ighter, it uses only half as much ou 
as the round-tank GM breaker, with no loss in elec- 
trical or mechanical strength. Oil saving is achieved 
through a unique watch-case design, and amounts to 
4000 gallons on a 3,500 to 10,000 kva breaker. Less 
oil used means lower maintenance cost through re- 
duced oil handling. Lighter weight means extra sav- 
ings in foundation costs. Conventional condenser 
bushings, interrupters and operating mechanisms 
provide the same fast action and high interrupting 
capacity as round-tank breakers. 


fi 


j 


j 


hepens 44 


Type GW Circuit Breakers ate pneumat- 
ically operated, 3-cycle opening and 20- 
cycle reclosing; 230/169 kv; 1200 am- 

eres. Details will be sent on request. 
Write today to Dept. X 








YOU CAN BE SURE 


“=Westinghouse 


WESTINGHOUSE ELECTRIC INTERNATIONAL COMPANY 
40 Wall Street, New York 5, U. S. A. 
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One of the f TRANSTO RMERS 


» 
OF 75 OOOkKVA,INTENDED FOR THE BELGIANCENTERS 
OF INTERCONNECTION FOR NETWORKS OF 150/70kV. 














‘78 OOOkKVA 


3 WINDINGS : 150/70/10 kV. 
ON LOAD VOLTAGE REGULATION : # 17,5 °/, ON THE 
150 kV SIDE 
3 RANGES OF LOAD : 45000 kVA - 60000 kVA - 
75 000 kVA according to the type of cooling system. 
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DISCHARGE REGULATORS FOR DAM OUTLETS 




















The Larner-Johnson valve possesses exceptional qualities for free 
discharge control. No other valve provides so complete an answer 
to the dual problems of high velocity flow and hydraulic unbalance 
associated with this duty. Being of true streamline form, it passes 
a smooth jet at all openings, giving freedom from vibration and 
erosion under the highest heads. Operation is by means of the pipe 
line pressure acting on the plunger, governed by an internal pilot 
valve control which holds the plunger in balance at all open positions 
(when stationary) and creates the appropriate unbalance for opening 
or closing. Ease of operation is thus ensured, irrespective of size or 
pressure. Simplicity of design, freedom from distortion troubles, 
absence of sliding surfaces under pressure,.all contribute to the 
success of the valve over the full range of conditions. Some of the 
largest valves of their class are of Larner- Johnson type, amongst. 


them the three 13 ft. by 7 ft. 6 in. and four 9 ft. by 7 ft. 6 in. regu- 


lators at Hume Dam, on the Murray River, Australia, certain of which appear in the adjoining photographic view. 


Full particulars from : J. Blakeborough & Sons Ltd., Brighouse, England. 
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OERLIKON 


Minimum oil content circuit breakers type TOF 





Among further orders received, 
more than 40 Minimum oil 
content circuit breakers for rated 
voltages from 60 up to 400 kV 
and interrupting capacities from 
1.750.000 up to 8.000.000 kVA are 
under construction for water power 


j * 
plants in Sweden. ee 





fr We supply complete electrical equipments for Power production, 
distribution and application. 





OERLIKON ENGINEERING COMPANY, ZURICH 50 (SWITZERLAND) 


Agencies and Representatives : 
Great Britain: Oerlikon Ltd., Victoria House, Southampton Row, London, W.C.|.—United States: Pacific Oerlikon Company, 
Box 1133, Tacoma |, Washington.—Canada: Oe6erlikon-Canada Limited, 1514 University Tower Building, Montreal. India: 
Larsen & Toubro Limited, P.O.B. 278, Bombay |.—South Africa: A. M. Burgun, Mech. Engineer, 604, Maritime House, 
Loveday Street, Johannesburg. 
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LIKE BRITAIN... 


f Osnada choses BRADY 


Efficient routine service, no less than enterprise, makes ‘ Brady’ 





a by-word in Canada too. This gear-operated bank of four 
steel shutters was recently fitted for the Dominion Textile Company 
Ltd., of Montreal. A standard roller-shutter installation, it is just 
one example of everyday service by Brady abroad. There as 


Brady shutters stand up to the : oa iat : 

Pena A wc ite pie in Britain, our organisation sets itself out to meet the normal 
is a Brady installation for Shipping : ; s 
Containers _Ltd., in Montreal. and unusual roller-shutter specifications with equal efficiency. 














G. BRADY & CO. LTD - ANCOATS - MANCHESTER 4 ~- Phone: COLlyhurst 2797/8 
LONDON : New Islington Works, Park Royal, N.W.10 BIRMINGHAM : Rectory Park Road, Sheldon 26 
CANADA: c/o DAVID C. ORROCK & CO. 1405 B.shop Street, MONTREAL 25. 

Manufacturers of Brady Hand and Power Operated Lifts 








Stowe & Bowden 7 
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Quarry to Batching PLANT 
STONE & AGGREGATE 


INDUSTRIAL 


guwee” 


CONVEYORS 


ie | 


SCOTLAND - TUMMEL GARRY - LOCH SLOY 
ERROCHTY DAM 


AFRICA - OWEN FALLS - UGANDA 


INDIA - HIRAKUD DAM PROJECT 


UTE 





HUGH WOOD & CO. LTD. |! 


Head Office & Factories : GATESHEAD-ON-TYNE, |! 
Industrial & Export Office : DASHWOOD HOUSE, 69, OLD BROAD STREET, LONDON, E.C2 


———— 
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Before you start 
on that extension... 


Think over the advantages of ordering all 
your electrical plant from one manufacturer. 
Crompton Parkinson Ltd. make the trans- 
formers, switchgear, cables and rotating plant. 
You gain the benefits of 70 years’ pioneer 
experience in every item of plant needed for 
your electrical power project. And you have 
the convenience throughout of dealing with 


only one manufacturer. 


(romptonY Parkinson 


ELECTRICAL EQUIPMENT 





df 


7) \ 
peseet 4 


PRODUCTS INCLUDE : 


LAMPS & LIGHTING EQUIPMENT D.C. GENERATORS 
CABLES CAR STARTERS & COMMERCIAL 


ALTERNATORS BATTERIES 
TRANSFORMERS TRACTION BATTERIES 


SWITCHGEAR INSTRUMENTS 
METERS TRACTION EQUIPMENT 


A.C. & D.C. MOTORS OF ALL KINDS CEILING FANS 


LiMiTED 
OVERSEAS DIVISION 


CROMPTON HOUSE, ALDWYCH, LONDON, W.C.2, ENGLAND 


Cebles: Crompark, London. 


Branches and Agents in all the principal countries of the world 





WATER POWER October 1951 





a 


\ 


ie every obstacle 
i \ dah 
a “aa Rope Tavs 


Made in Great Britain by 


CERETT! & TANFANI ROPEWAY CO., LTD. 


IMPERIAL HOUSE - DOMINION STREET + LONDON - E.C.2) CLEnxenwewt 1777 (8 lines) 
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The Midskogsforsen plant owned by):the Swedish State Power 
Administration, containing two NOHAB propeller type turbines 
of 55.00) H.P. each at 136 R.P.M. under a head of 100 feet. 


WATER 
TURBINES 


_ GOVERNORS 
CONTROL VALVES, GATES 


AND OTHER EQUIPMENT FOR 
HYDRO-ELECTRIC POWER 


Our new series of oil pressure governors for Francis and propel- 
ler type turbines can be arranged for automatic or semi-auto- 
Matic control. Servomotor, oil pump, pressure oil tank and 
atuator are combined in one unit. 


NYDQVIST & HOLM AKTIEBOLAG, Trollhattan, Sweden 


Telegrams: Nohab, Trollhattan Codes: ABC 6th ed., Bentley’s 
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AGAIN ... 


experienced engineers choose 


LEFFEL HYDRAULIC TURBINES 


Th 
the di 
in lay 
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and 1 
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Waterway is 5 000’ long—3,200’ of 14’ x 13° of unlined 
rock tunnel and 1,800° of 10° diameter stecl penstock 
The two generators at the Eastern New York A differential surge tank 130’ high is located 950° from 
Power Corporation’s High Falls plant, to which the power house. 
the two Leffel hydraulic turbines are direct- 
connected 


Shop photograph of one of the 
Dam is of concrete, gravity two Leffel vertical hydraulic tur- 
type, 290° long and 70’ high bines which were installed at 
Power is delivered from the H'gh Falls. (Leffel builds both 
power house through short tic horizonal and vertical turbines 
lines to the existing system. in a wide range o° sizes, types 
and designs to suit the individ- 
ual requirements of the instal- 
lation.) 


Anothe: 


Selection of Leffel hydraulic turbines for the High Falls Hydro-Electric Development of the s trenc 
Eastern New York Power Corporation, Cadyville, New York, U. S. A., is a decisive testi- fas , 

monial to the performance of Leffel turbines. The engineers who laid out the High Falls by N 
installation had previously had a great deal of hydraulic turbine experience. They had 

watched and checked and charted the record compiled by Leffel turbines in their own installations in other locations. and exe 


o! 
trench a 
and on] 


They chose Leffel equipment for High Falls. 
Located on the Saranac River near Moffittsville, New York, High Falls must have the utmost reliability, as well as high efficiency. That is why 
Leffel is so often specified on repeat purchases. A Leffel turbine holds the world record of 94.57% efficiency; many Leffel turbines 
after service of a half-century and longer, are still operating faithfully. 


We shall be.glad to show records of Leffel performance . .. to help with preliminary and final planning. . . to provide turbine 
equipment best suited to your needs... td co-operate with you in every way. Leffel service begins with your first letter, and involves 
no obligation whatever on your part. 


THE JAMES LEFFEL & CO. 


DEPARTMENT W e@ SPRINGFIELD, OHIO, U. S. A. 


MORE EFFICIENT HYDRAULIC POWER FOR 83 YEARS 
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MILLARS  eccced ajaca/ 


This photograph shows 
the difficulties encountered 
in laying pipes in running 

sand. Note the collapse 
of the side of the trench 
and the permanent water 

level of 2 ft. 6 ins. below 


the ground level. 


Contract carried out by 
unlined Messrs. Yarwood ( Altrine- 
nstock, ham) Lid.on housing site 
0° from a Middlewich, Cheshire. 


Another view of the same 


trench after dewatering 


by Millars’ Wellpoints 


and excavated to a depth 
of 10 ft. Sides of the 


trench are steeply battered 


and only the minimum of 


timber used. 


Write for further details to Dept. WP 9 


MILLARS’ MACHINERY COMPANY LIMITED 


tied Office: THORLEY WORKS - BISHOP'S STORTFORD - HERTS. Telephone : Bishop’s Stortford 694/5 
Dept.: CROMFORD HOUSE - CROMFORD COURT - MANCHESTER 4. Telephone : Blackfriars 8813/4 


" ® 33.663 
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FASTER, TRUER DRILLING ... 


Holes at all angles and in all positions. Operators fresh through- 
out the shift. The CLIMAX “Maxleg” achieves all these. 
The pneumatic feed can be instantly adjusted according to 
the type of rock and keeps the bit firmly up to the work. It takes 
all the weight and thrust off the operator. Please send for 
Publication No. 102. 


_wAath 


CuImaAKy 


CLIMAX ROCK DRILL & ENGINEERING WORKS LTD. 


4 Broad Street Place, London, E.C.2 Works: Carn Brea, Redruth, Cornwall 
eS a 
TAS/Cx/#* 
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THE CLIFFE DAM AND POWER STATION OF THE ERNE HYDRO-ELECTRIC DEVELOPMENT FOR THE ELECTRICITY SUPPLY BOARD OF EIRE 


(TM TATION 


COMPANY .IMI 


The Erne Hydro-Electric Scheme, of which the Cliffe Station shown above is the first to go into operation, 
will increase the total electric power supply in Eire by about one-third. This contract for all the civil 
engineering works of the scheme, including the Cathleen Falls Station, is the second to be placed with the 
Company by the Electricity Supply Board; the Liffey Power Scheme being constructed during the years 
1937-43. 


The Company has unique experience in tunnelling and shaft sinking under the most difficult conditions. 
Recent contracts include the 23 ft. equivalent internal diameter Clunie Tunnel of the Tummel Hydro-Electric 
Power Scheme in Scotland, the largest water tunnel in Great Britain; an eleven-mile section, wholly in 
tunnel, of the Haweswater aqueduct to supply water from the Lake District to the City of Manchester; and 
several shafts over 3,000 feet deep both for the National Coal Board and for clients abroad. 


With the aid of the specialist activities for which it is world-famous, the Company is equipped to deal with 
any construction problem to be encountered in hydro-electric construction. 


BENTLEY WORKS — DONCASTER 


"HONE: DONCASTER 54177-8-9 — LONDON OFFICE: 39VICTORIA STREET, S.W.!1 — PHONE: ABBEY 5726-7 -8 
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designed and supplied by Blaw Kno. 


and tested... 


Blaw Knox Transmission Towers 
were supplied through our agents 
Messrs. Richardson, McCabe & 
Co. Ltd., Wellington, for ,the 
Bunnythorpe-Haywards 220 ky 
line of the New Zealand State 
Hydro-Electric Scheme. The 
specification called for strin- 
gent tests corresponding both 

to normal line loading and 
broken wire conditions, which 
were carried out at the Tower 
Testing Station of Painter 
Bros. Ltd., Hereford. 
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This 85 ft. straight line tower is one 





of 99 being erected by our Subsidiary Com- 
pany, BIC Construction Co., Ltd., on the 
Staythorpe—Barnby Moor section of the 
new 275 kV Super-Grid. For the 1,000 ft. 
span overhead lines BICC are supplying 
stranded Steel-Cored Aluminium Conductor. 








Available within the BICC Organization 
are the vast experience and resources re- 
quired for the planning, supply, design and 


construction of complete overhead trans- 








mission systems anywhere in the World. 





BICC can _ supply 


underground Impreg- 





nated Pressure Cable 
for voltages up to 
275k} as illustrated 
on right. 
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WATER 


POWER 


A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 





Divergent Opinions 


NGINEERS who have attended, over recent 
i: such meetings as the World Power Con- 

ference, the Joint Engineering Conference held in 
London this year, the Commission on High Dams 
held at New Delhi, and followed the various papers 
on hydro-electric matters presented to the Insti- 
tutions of Civil, Mechanical, and Electrical Engineers, 
must have been struck with one peculiar facet of the 
discussions relating to hydro-electric problems. 

When steam-power-station engineers are discussing 
the design of their stations, it is evident that a very 
large measure of agreement has now been reached 
on all but detail points. Conversely, there seems to be 
very iittle agreement at all between hydro-electric 
engineers on even major matters of design. 

The use of the different types of turbine at various 
heads (towards the extreme ends of the ranges of 
employment over which there is general agreement) 
is a matter on which designers can become very 
heated. Civil engineers appear to be unable to give 
an unequivocal answer as to the best type of dam 
for use in any particular location. They qualify their 
cautious suggestions by quoting any number of vari- 
able factors. Whether to build the power station un- 
derground or not is a matter on which there is healthy 
disagreement. How many generating units should be 
installed in a particular station is a question that 
apparently admits of at least two solutions in every 
case. The estimation of available water-power poten- 
tial in a given area is frequently the subject of esti- 
mates which vary as much as 50 per cent. from each 
other, and the interpretation of long-term rainfall 
records is another matter that is apparently more of 
an art than a science. 

As another example of divergence of opinion, 
American and Canadian engineers have expressed 
the view that in certain circumstances, pitting of run- 
hers may be deliberately accepted (since other con- 
flicting design considerations lead to greater efficiency) 
Providing the capitalised cost of welding at two or 


three-year periods does not exceed the savings made 
’ elsewhere. 
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The use of steel or concrete for spiral casings is 
another topic on which discussion is continuous; and 
even those who are in favour of steel cannot agree 
as to whether it should be welded or riveted. 

Some operating engineers, particularly on the Con- 
tinent, insist on specifications and rigidly control the 
speed rise and voltage rise of hydro-electric generat- 
ing units under disturbed system conditions. In 
Canada, and elsewhere, these aspects of performance 
are considered to be of much less importance; it 
is felt that the electrical inertia of the system will 
look after most difficulties arising from the throwing 
on or off of load, and since the sets are designed to 
have a reasonable safety factor at full runaway speed, 
it is a matter of no great importance if this speed is 
occasionally reached. 

The question of pumped storage is one where there 
is strong disagreement as to its economic possibility, 
in any given case, even if it be technically practicable. 
If we regard it as certain that one of the next steps 
in hydro-electric engineering will be the utilisation of 
the power latent in tidal energy, then a whole crop 
of arguments on double or single-basin working, or 
single or double-tide working, are waiting to be 
thrashed out. 


Textbooks on hydro-electric engineering become 
out-of-date almost as soon as they are written, 
although the basic principles remain. The various de- 
tails of practice appear to admit of an infinite variety, 
particularly on the civil-engineering aspect. 

This opportunity for individual thought and for 
the planning of each project (in many respects, at 
any rate) ab initio, means that young engineers with 
ideas will obviously find in hydro-electric engineering 
a much more interesting and fruitful occupation than 
in many other branches of power engineering, where 
the striving is not for major changes in design, but 
rather for gilding the lily by increasing thermal effi- 
ciencies by minute percentages. In a world in which 
the continued trend in the organisation of power- 
supply engineering is towards larger and larger 
bodies, with the individual becoming more and more 
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simply a cog in a vast machine, this aspect of hydro- 
electric engineering should be of great interest to the 
younger men amongst us. 


Finance for Undeveloped Countries 


THe suggestion for creating an international agency 
to finance economic projects in undeveloped countries 
has not found favour at Geneva. Both Britain and 
the United States opposed it in the United Nations 
Economic and Social Council, and their representa- 
tives gave reasons for the attitude taken up by their 
governments. Mr. G. T. Corley Smith, for Britain, 
expressed the view that there was no indication of 
governments being prepared at present to furnish 
grants to such an agency. The view of the United 
States, according to its delegate, Mr. Isadore Lubin, 
was that not enough nations would make significant 
contributions to render the proposed agency truly 
international. It may well be that such an agency 
finally will be established, but meanwhile countries 
requiring aid will continue to present their cases to 
the existing authorities. 


Middle East Priority 


THE importance attached to the Middle East and 
other parts of Asia by United States political leaders 
has been underlined by Senator Douglas. A leading 
Democrat, Senator Douglas has urged that the United 
States should in fact reduce its defence and economic 
aid to Europe, and increase it to the Middle East and 
Asiatic countries. At present, under President Tru- 
man’s 8,500 million dollars (about £3,000 million) 
foreign aid programme most of the aid will go to 
Atlantic Pact countries. It is Senator Douglas’s con- 
tention that Britain and the United States should take 
the lead in drawing up a Middle East defence treaty, 
containing guarantees against aggression similar to 
those contained in the Atlantic Pact. 


Industry wants Hydro-Electric Power 


THERE is increasing consciousness among the 
leading figures in British industry of the claims of 
hydro-electric power in the programmes of national 
industry. The subject was raised by the National 
Union of Manufacturers in examining the proposals 
or the National Coal Board to spend over £600 million 
in increasing the annual output of coal to 240 million 
tons by 1961. While naturally supporting the Minis- 
try’s aim the union calls attention to “the diminishing 
coal reserves and the difficulty of maintaining an 
adequate working force in the mines.” It urges con- 
sideration of the question whether it would not be 
advisable to devote a considerable part of the capital 
expenditure to saving coal by its more economical 
use. It adds: “The National Union also believes that 
further important steps should be fully explored, 
such as the full use of hydro-electric and tidal 
electric power, and the electrification of railways and 
collieries.” 


Export from Norway 


THE Norwegian Engineering Export Organisation 
(Noreno) created to promote the export of Norwegian 
engineering services, including consulting, construc- 
tional and contracting work, as well as manufacture 
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of plant equipment now has over 60 firms associated 
with it, all concerned with technical and constructional! 
engineering. The organisation announces that its con- 
tractors are prepared to undertake construction work 
in all major fields such as hydro-electric plants, powei 
transmission lines, harbour and road works, and 
general building construction. The products of a large 
number of engineering works are also available for 


export. 


Hydro-Electric Experts 


THE engineers of Norway, by the very nature of 
their country, have great experience in building hydro- 
electric power plants. Last year the country’s output 
of electric energy totalled about 16,000 million kWh, 
and output per head of population is larger than that 
of any other country. Since the war new generating 
plant has been installed at an average rate of 150,000 
kW a year, and stations now under construction are 
at Aura (240,000 kW), Rosaga (216,000 kW) and 
Vinstra (180,000 kW). Most of these new plants are 
being built underground in the mountain rock. The 
volume of earth to be excavated on 20 post-war 
underground projects now in hand is 160 million cubic 
feet, and the length of tunnels 250 miles, with cross 
sections of anything from 43 to 752 square feet. 


Contract for Norway 


To NORWAY has gone one of the first contracts 
for construction of part of Australia’s greatest hydro- 
electric project in the Snowy River’s upper reaches 
amid the Australian Alps. The firm of Selmer, of 
Oslo, it is officially announced, is to undertake con- 
struction of a 60,000 kW installation to be completed 
within the next three years, the award having been 
made after tenders from eleven firms had been con- 
sidered. The company is now shipping essential 
equipment and sending key workers from Norway, 
and site work probably will be started in a few weeks. 
About 450 employees will travel from Norway, and 
materials to be sent include quantities of cement and 
constructional steel. An announcement on the subject 
by Senator Spooner, the Federal Minister for National 
Development, points out that ultimately the under- 
taking, known as the Guthega project, will give 
Australia a further 2} million kW of electric power 
a year, and also vast new irrigation waters. The 
contract price is £A5,800,000. Incidentally, extensions 
to the works of Australian Iron and Steel Limited, 
at Port Kembla, New South Wales, now building, will 
lead to a large increase in home production, probably 
to about 3,500 gross tons of iron daily. 


Eastern Technicians for Canada 


FoLtowinc the visit to Canada of technical 
members of Pakistan’s and India’s agricultural 
missions associated with the Colombo Plan for 
Economic Development of South-East Asia two other 
missions, one concerned with hydro-electric plans for 
the two countries and the other with road and bridge 
construction are due to arrive in the dominion shortly. 
In addition to the specialists immediately concerned 
with projects these missions will include senior 
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Government officials from India, Pakistan and Ceylon. 
[hey constitute the advance party of about three score 
scholars and fellows whose aim will be to study 
Canadian methods in hydro-electric construction and 
operation, geology, factory management, railway 
operation, land settlement and town planning. 


Snowy Scheme Authority 


THE Federal Cabinet of Australia has decided on 
the appointment of an industrial authority for the 
Snowy River hydro-electric scheme, with jurisdiction 
over the industrial affairs of the scheme assigned to 
a single judge of the Federal Arbitration Court. Be- 
side those matters in which the authority is directly 
concerned the scope of the jurisdiction will include 
any disputes between its contractors and their workers. 
Legislation will have to be passed through the Federal 
Parliament at Canberra in order to give effect to the 
Cabinet’s decision. 


Australia’s Labour Shortage 


THE scarcity of workers in Australia continues to 
form one of the continent’s most acute problems. The 
new Snowy Mountains Authority, responsible for the 
great £A200 million Snowy River hydro-electric 
scheme, is getting most of its labour and a great 
proportion of its materials from overseas. The reason 
for this move, it is officially explained, is to avoid 
draining labour from other major undertakings. Most 
of the construction work so far has been handled by 
overseas contractors, who have to give an assurance 
to the authority that they will bring with them 90 per 
cent. of the men and materials they require for their 
contracts. Apart from the Snowy River project there 
are at present about 125,000 jobs vacant in Australia’s 
Commonwealth Employment Service, an organisation 
maintained by the Federal Government. 


Colonial Development Chief 


THE Colonial Development Corporation announces 
from London the appointment of Mr. Roger Norton, 
at present Commissioner for East Africa in London, 
as its Regional Controller for East Africa, and he was 
released for his new duties by the East Africa High 
Commission as from the end of August. The appoint- 
ment has been made in pursuance of a policy of 
devolution of authority by headquarters instituted by 
the Corporation last year. From 1938 to 1942 Mr. 
Norton was secretary of the Board of Economic 
Development in Kenya and then became Chairman 
of the East African War Supplies Board. In 1945 he 
came to his post as East Africa Commissioner in 
London. 


Power Plants from U.S. 


AUSTRALIA’S Minister for National Development 
(Senator Spooner) has announced that American 
manufacturers are going ahead with all 28 emergency 
power plants ordered by Australia. About 26 million 
dollars of the 100 million dollar loan have been allo- 
cated for emergency plant urgently needed in New 
South Wales, Victoria and Queensland. Of these 
plants four have a capacity of 10,000 kW each and 
24 of 5,000 kW each. Sixteen are for New South 
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Wales, nine for Victoria and three for Queensland. 
Their main purposes are to reduce overloading and 
to ease restrictions now imposed on consumption. 


The; Davis Dam 


THE Davis Dam plant on the Colorado River be- 
tween Arizona and Nevada went on the line early 
in the year. This plant, downstream from the Hoover 
Dam, now has five 45,000 kW units with a total in- 
stalled capacity of 225,000 kW and is the fourth 
largest Bureau of Reclamation power project, sur- 
passed only by Grand Coulee, Hoover and Shasta 
dams. 

The multi-purpose project is expected to be com- 
pleted in 1952. Originally known as Bullshead, the 
project was formally renamed in 1941 in honour of 
Arthur Powell Davis, director of Reclamation from 
1914 to 1923. Construction, delayed by World War 
II, was resumed in 1946. The reservoir was officially 
named Lake Mohave by an Act of Congress last year. 


North Wales Scheme 


In the House of Commons, just before the recess, 
Mr. Emrys Roberts asked the Minister of Fuel and 
Power whether he would state in detail the warnings 
given by him to the British Electricity Authority 
regarding the objections to the North Wales Hydro- 
Electric Scheme. 

Mr. Noel Baker said that his discussions with the 
British Electricity Authority had been on some of the 
questions of general principle involved in the North 
Wales hydro-electric schemes. He had not received 
detailed proposals, and he had not, therefore, given 
detailed warnings to the Authority. 


Science Abstracts 


THE June issue of Section B of Science Abstracts 
—Electrical Engineering Abstracts—makes several 
references to articles which have recently appeared 
in Water Power. 

Articles abstracted include a description of the 
Pangani scheme (March 1951); the Guayabo project 
(March 1951); Australian developments (March 
1951); the description of the Rodund plant in Switzer- 
land (March 1951); and hydro-electric power in the 
Union of South Africa (February 1951). 





The Edison Group. This organisation, which operates 
a number of enterprises for the generation and distri- 
bution of electricity in northern Italy, has recently 
published a handsome volume, in English, to indicate 
the scope of its activities and to describe some of its 
more outstanding achievements. Their network now 
covers the most advanced industrial regions of Italy 
and caters for a population of over 12 million people. 
This book, which contains 185 pages of art paper, 
is copiously illustrated and contains beautifully re- 
produced maps and diagrams of the different river 
basins in which the various power schemes are situ- 
ated. The importance of water-power generation in 
this region may be gathered from the fact that out of 
a capacity of nearly 2 million kW installed, thermal 
plants account for only 121,000 kW, orabout 6 per cent. 
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Fig. 1. Looking downstream towards cofferdammed upstream diversion tunnel portals. These tunnels 
are 29 ft. diameter and 1,000 ft. long, and the inverts are 30 ft. below the top of the cofferdam 


Cabinet Gorge 


Development, 


Clark Fork River, Idaho 


This 200,000 kW scheme, now in course of construction, 
will double the capacity of the Washington Power 
Company’s system, which will then possess the largest 
hydro-electric plant in Idaho. The constructional work 
is interesting on account of the lack of room at: the site 
and the short time available, and accurate co-ordination 


is needed to complete it. 


DAHO’S largest hydro-electric power development, 
I scheduled to deliver 200,000 kW to the American 

North-West by the winter of 1952, is now under 
construction by the Washington Power Company, of 
Spokane, Washington. The project, located at Cabinet 
Gorge on the Clark Fork river, a’ main tributary of 
the Columbia river, will be the largest hydro-electric 
plant in the State of Idaho, and will double the 
company’s capacity in its 26,000 square mile service 
area in Idaho and Washington. Cabinet Gorge will 
bring to twelve the number of hydro-electric plants 
operated by the Washington Power Company, the 
last plant built being the Chelan station at Chelan 
Falls in north-central Washington in 1928. The com- 
pany serves more than 113,000 customers, with 
average annual residential use up to 5,598 kWh. The 
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cost for such power is down to 1:24 cents per kWh. 

The Cabinet Gorge project is being financed entirely 
by private capital, and will be the largest development 
ever constructed with private funds in the Pacific 
North-West. During the past several years private 
utilities in the North-West have depended upon the 
vast power projects of the Federal Government for 
additional energy. With the construction of Bonne- 
ville and Coulee, and with opportunities for power 
development by private firms eliminated, the Federal 
Government took the responsible role for future 
power generation in the North-West, leaving the 
Washington Power Company virtually dependent on 
that source for a sizable part of their future power 
supply. During the recent war emergency, however, 
the Government urged non-Federal operators to pro- 
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ceed with development, and the Washington Power 
Company immediately filed an application to develop 
the Cabinet Gorge site. Permission to build the plant 
was granted by the Federal Power Commission withiz 
two months—one of the quickest approvals on record. 

The main contractors for the construction of the 
170 ft. high dam are the Morrison-Knudsen Company 
Inc., of Boise, Idaho—a firm accustomed to executing 
large contracts all over the world. A New York 
engineering firm, Ebasco Services Inc., was responsible 
for the design of the project and is in charge of 
construction under the supervision of officials of the 
Washington Power Company. 


Site conditions 

Maps of the vicinity and of the site arrangements 
are given in Fig. 2. Cabinet Gorge is located half a 
mile west of the Idaho-Montana railway line, eight 
miles east of Clark Fork and a short distance from 
Pend Oreille lake. The Northern Pacific Railway and 
a main roadway to Spokane respectively run near the 
southern and northern banks of the gorge. The gorge 


Fig. 3. 
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itself is only about half a mile long, but the walls are 
sheer and range from 250 to 300 ft. high above a 
swiftly flowing river about 70 ft. deep. Peak flow 
occurs during May and June and averages 75,000 
cusecs. 

The steepness of the sides and the depth of the 
gorge made the diversion problem rather a difficult 
one. A rock-fill cofferdam was considered to be the 
most feasible solution, and the left-hand wall of the 
gorge was selected to provide the necessary material. 
Three 5 ft. by 6 ft. entries are being driven into the 
rock for distances ranging from 125 to 150 ft., and 
as each hole is required, blasting charges will be 
placed at intervals along its length. The first hole is 
estimated to yield 70,000 cu. yards of rock, the second 
a further 45,000 cu. yards, and the third, which is 
regarded as a reserve, 26,000 cu. yards. Gravel and 
clay to form impervious material will be hauled from 
a nearby barrow pit and dumped from a suspension 
bridge at the upstream end of the cofferdam. 

Twin diversion tunnels of horseshoe section and 
of 29 ft. equivalent diameter have been provided to 


General downstream view of excavation for intake structure for the four 27 ft. round power 
tunnels. The access road was cut in the solid rock. The footbridge carrying the concrete supply pipe 
is seen spanning the gorge 
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Fig. 4. Concrete-aggregate processing plant during early stages of construction 


handle a maximum of 25,000 cu. ft. during the low- 
water period. A heavy tunnelling cost has been saved 
by thus catering for the low-water flow only, but it 
means that the concrete dam will have to be com- 
pleted before the high-water stage of the second 
constructional season, as the cofferdam will then be 
overtopped. Perfect timing of all operations will 
therefore be necessary to main- 
tain schedule. 3 be 
Screening and mixing plants 


Owing to the lack of room 
at the dam site it has bee 
necessary to locate the screen- 
ing plant and cement storage 
silo away from the mixing 
plant, the arrangement adopted 
being as indicated in Fig. 2. 

The screening plant is located 
adjacent to a large aggregate 
deposit 3,000 ft. downstream 
of the dam. This deposit con- 
forms to the specifications 
furnished by Ebasco Services 
Inc., with two exceptions. 

1. The aggregate deposited con- 
tains a small amount of dirt 
and clay which necessitates 
washing. 

2. The largest size finished ag- 
gregate is to minus 1} in., so 
the oversize must be crushed 
to minus 14 in. or smaller. 

_ The raw aggregate is loaded 
into end dump trucks at the 
pit by a power shovel. It is 
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hauled to a dump _ hopper 
where any material over 8 in. 
is removed upon dumping over 
a bar grizzly. The raw aggre- 
gate passes through a hopper 
and on to a 5 ft. by 14 ft. 
Allis - Chalmers horizontally 
suspended screen. Any material 
between 14 in. and minus 8 in. 
passes by a chute to a Telsmith 
gyratory-type crusher, which is 
set to crush the aggregate to a 
maximum size of 14 in. From 
the crusher the material passes 
through a chute on to a hori- 
zontal 4 ft. and 12 ft. Cedar 
Rapids screen, which allows 
dust and minus ;%; in. material 
to pass through and to be taken 
by belt to waste. The } in. to 
minus 14 in. is taken by con- 
veyor belt to a 6 ft. by 24 ft. 
Telsmith revolving washing 
screen. The minus 14 in. 
material that passes through 
the 5 ft. by 14 ft. Allis- 
Chalmers screen is taken by 
conveyor belt to the revolving 
washing screen where it meets 
the crushed material coming 
from the crusher. The revolving 
washing screen is provided with a sand jacket which 
enables the sand to be drawn off. Thence the sand 
passes through a Telsmith washing tank and Telsmith 
classifier and is then taken to the finished sand stock 
pile by conveyor belt. The revolving washing screen 
segregates the aggregate into } in. to } in. and } in. 
to 14 in. sizes after washing, and then both aggregates 
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are taken to finished stock piles 
by conveyor belt. 

From the stock piles the 
aggregate and sand are taken 
by lorry to aggregate bins ad- 
jacent to the mixing plant. A 
reclamation tunnel extends 
under these bins and contains 
a belt conveyor which transfers 
the material as desired to the 
mixing plant. Cement is stored 
in a silo 1,000 ft. away on the 
opposite side of the gorge, and 
is conveyed pneumatically to 
the ready-use silo of the mixing 
plant through a 6 in. pipe 
carried over the footbridge 
seen in Fig. 3. From _ the 
ready-use silo the cement is 
taken to the plant by screw 
conveyor. 

The mixing plant is of 350- 
ton bin capacity and was built 
by the Noble Company; it is 
equipped with a 4 cu. yard 
Koering mixer. 

Due to the location of the 
penstock tunnels, power house 
and dam it was impossible to provide concrete trans- 
port by cableway to all structures, and as the dam will 
contain the majority of the required concrete the 
cableway has been located to cover the dam, the 
mixing plant being parallel to the cableway so that 
buckets can be loaded without being unhooked. 

Having regard to the small amount of concrete in 
the dam, its thin section, and the rough topography 
at the head and tail towers, it was decided to use a 
fixed cableway and drift the concrete bucket with the 
aid of a winch mounted on a cat tractor to the 
required location. The cableway hoist, carriage, etc., 
are of Ledgerwood design. The towers are of the 
guyed type and wooden construction, and the track 
cable is carried over the towers to concrete block 
anchors. A 4 cu. yard bucket is to be used. 

Concrete for the power house is delivered from the 
mixing plant by a shuttle car which is powered by 
an electric motor. At the power house the buckets 
are removed from the shuttle car by a 25 ton stiffleg 
derrick with a 200 ft. boom. 

Concrete for the intake penstocks is transported by 
lorry and placed by cranes. For the tunnel linings the 
concrete is pumped by Rex Pumpcrete machines. 

The dam will impound 110 ft. of water, with the 
reservoir extending 20 miles upstream to Noxon, 
Montana. The Montana State legislature early this 
year passed special legislation to permit the storage 
of water for use outside the state. 


“ Groundbreaking ” ceremony 

Of wide interest in the North-West was the formal 
“groundbreaking” ceremony at the site on April 1. 
Sponsored by ten Chambers of Commerce in the area, 
the celebration drew nearly 4,000 persons from a 
three-state area. A colourful part of the ceremony 
included Nez Perce, Flathead and Spokane Indian 
representatives delivering messages (one of them by 
helicopter) from the governors of Montana, Washing- 
ton and Idaho. 


368 





ee ss 
Fig. 6. 5,000 barrel cement silo, with cable-suspended footbridge and mixing 
plant footings in background 


We are much indebted to the Morrison-Knudsen 
Company Inc., Boise, Idaho, for the information on 
which this article is based and for the accompanying 
photographs and drawings. 





World Power Conference 


The Annual Report of the World Power Conference 
for 1950 has now been published and copies can be 
obtained from the offices of the British National 
Committee, World Power Conference, 201 Grand 
Buildings, Trafalgar Square, London, W.C.2, price 
ls. 6d. post free. 

At the recent Annual General Meeting of the British 
National Committee, World Power Conference, Dr. 
A. Parker, C.B.E., Director of Fuel Research, Depart- 
ment of Scientific and Industrial Research, was elected 
to fill the vacant post of Honorary Secretary. The 
other officers of the Committee are: Sir Vincent de 
Ferranti, M.C., Chairman; Mr. Harold Hobson, Vice- 
Chairman; and Colonel C. M. Croft, D.L., J.P. 
Honorary Treasurer. 

At a meeting of the International Executive Council 
of the World Power Conference, held at Paris in July, 
1951, it was decided unanimously to accept an in- 
vitation from the Brazilian National Committee 
which, with the support of the Brazilian Government, 
has issued an invitation for a Sectional Meeting of 
the World Power Conference to be held at Rio de 
Janeiro in the period July—August, 1954. This will 
be the first occasion upon which a World Power 
Conference will be held in South America. The 
International Executive Council gave preliminary 
consideration to the draft programme, submitted by 
the Brazilian National Committee. 

The International Executive Council have decided 
to admit the German Federal Republic and Japan as 
members of the World Power Conference. National 
Committees have been formed in both countries. 
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Factors Affecting Turbine Design 


A summary of an important paper read at the 113th annual 
meeting of the British Association for the Advancement 
of Science which was recently held in Edinburgh. 


N a paper on “ Water Turbines for Hydro-Electric 

Projects,” presented jointly by Messrs. R. W. 

Weekes, A.C.G.I., M.Inst.C.E., and A. Feiner, 
A.M.LE.E., Assoc.I.Mech.E., the three general types 
of power units were discussed. It was shown that the 
chief items affecting the design of a turbine is the 
head H, quantity Q, power P, and speed N. For 
turbines of the same design and diameter 

Qa /H,P« H’, and No WH. 

and designating these quantities in terms of unit head 
(one foot): 


Q, (unit quantity) =—— 
V¥H 
P 

P, (unit power)= ——; 
H? 


N 
N, (unit speed)=——. 
VH 
All the effective areas of runners vary directly as the 
square of the diameter, hence with constant head 
Q« D’; and P « D’, 
and the speed is inversely proportional to the diameter, 
1 


ie. Nee —. 


In order to classify turbines and indicate the design 
of the runners, the specific speed m, is used. This is 
defined as the speed at which a water wheel would 
run if it were so reduced in size as to develop unit 
power under unit head. From the previously given 
relationships of geometrically similar runners:— 

P D? 
1 D’, 
When P, is unity, 


P 
D —_— 
ee) 


1 


N, D 

—=—=/,/P 

N D, 
Reducing N and /P to unit head 


N P 
N, =”, =— ay 
JH H? 


NP 
a, = ; 


Therefore, 


H* 
Where N is expressed in revolutions per minute, 
P is expressed in horse-power, and 
H is expressed in feet. 
Hence, knowing n,, P, and H, the speed N of any given 
turbine may be determined. 


WATER POWER October 1951 


It is evident that with a fixed n, and H, the speed of 
any turbine may be increased by dividing the power 
between more than one jet in the case of an impulse 
turbine, and between more than one runner in the 
case of a reaction turbine. Since the specific speed thus 
becomes proportional to the square root of the power 

N « number of jets, for an impulse turbine, and 

N oc number of runners, for a reaction turbine. 
Thus, for a two-jet impulse wheel, or twin-runner 
reaction turbine, there is a 41-4 per cent. increase of 
speed, as compared with a single-jet or runner machine. 
Three-jet, four-jet, five-jet, and six-jet turbines are 
73:2 per cent., 100 per cent., 123-6 per cent., and 
145 per cent. faster, respectively. 

Specific speed may be expressed in terms of runner 
dimensions and velocity coefficients, thus:— 

For any turbine:— 

18409 /H 
D 
QnH 
8-81 
where Q is the water quantity in cusecs, and 
H is the effective head in feet. 


For impulse turbines:— 
T d’9; Vv 2 g H 








: (1) 


OQ _ 
4 x 144 
where @; is the velocity coefficient of the jet. 


NVP_ 18409 /H x d°¢,; /2gHnH 











: = ; 
H* DH? 4 x 144 x 8-81 
Therefore, 
d 


n, = 13096—V jn - (3) 
D 


For Francis turbines:— 
7 D*,@, /2¢H 





4x 144 
Where D, is the outlet diameter of the runner in 
inches, and 
%, is the water velocity coefficient at the runner 
outlet. 


NVP 18400/H /=D*.0, /2gHnH 








i= 
H' DH? , 4x 144 x 8-81 
Therefore: 
D 


My: = 1309 — On - (4) 
D 


For Francis and propeller turbines:— 
At the gates, at diameter D in. 


ztDh@, J22@H 





ix Te 


where h is the gate height in inches, and g, is the 
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water velocity coefficient through the wicket gates. 
NVP_ 18409/H 








xDho, /2gHnH 








n, — 


H' DH‘ 12 x 12 x 8-81 


Therefore 


h 
n, = 260¢ Af —on : - (5) 
D 


It is evident by reference to formule (4) and (5) 
that there is a lower limit to the specific speed of 
a Francis turbine, since the inlet blade heights be- 
come very small, and the blades become long making 
for poor hydraulic conditions and difficulties in casting 
and processing the runner. The lower limit is usually 
fixed at about 13, but in actual practice, the normal 
economical limit is about 20. Expression (3) shows 


that, for a range of — between 7 and 12, the corres- 


a 
ponding specific speeds are 7°83 and 4-57 per jet. 

In settling the design of a turbine, one of the first 
duties of the designer is to choose as high an operat- 
ing speed as possible, for in so doing, the dimensions 
of the turbine, generator, and buildings (and hence 
the cost of these items) should become a minimum. 
However, this is not always the case, for, by increas- 
ing the speed:— 

(1) If the flywheel effect required from the genera- 
tor is high, generator diameters may have to be 
increased to the point of having to change from a 
bolted-on pole construction, which is simple and 
cheap, to a dovetailed-pole construction, which is 
complicated and expensive. 

(2) By using multiple jets for impulse and multiple 
runners for all types of turbines, the turbine itself 
would not be cheapened. In the latter case the sizes 
of foundations and buildings increase, inlet pipes have 
to divide to feed each runner, and a separate valve 
is usually advisable for each runner. 

(3) Onerous conditions in the draught tube may 
result, necessitating a very low setting of turbine 
runner relative to the tailwater level. The use of 
special turbine materials, such as stainless steel, may 
become imperative. 

(4) The normal speed may exceed 1,000 r.p.m. for 
50-cycle operation or 1,200 r.p.m. for 60-cycle genera- 
tion. Due to the high runaway speed as compared 
with other prime movers this may entail uneconomic 
methods for generator rotor construction and cooling. 

(5) There may be a general reduction in turbine 
efficiency due to the machine not working at its best 
speed. This results from the fact that most manu- 
facturers have a series of standard runners covering 
the whole range of specific speeds for the type in 
question, and there is obviously one particular speed 


at which the runner produces the best results. If a . 


higher speed is absolutely essential and the standard 
runner cannot be adapted, special designs and model 
tests become necessary, thereby increasing the cost 
of the turbine and lengthening the time of its manu- 
facture. 

(6) Uneconomic designs may be necessary for the 
turbine runner to ensure its having sufficient strength 
to withstand the stresses due to centrifugal force and 
water pressure. 

Generally speaking, the impulse turbine is used over 
a head range of 700 ft. to about 6,000 ft., and the 
Francis turbine is used for heads above about 50 ft. 
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up to about 1,000 ft. There are notable examples 
of Francis machines running at much higher heads, 
and at present three vertical shaft Kvaerner Brug 
Francis turbines are under construction in Norway, 
each developing 70,000 brake horse-power at 500 
r.p.m., and designed for a maximum net head of 
1,456 ft. (m, = 14-72). Since 1949, two similar 
machines, each 60,000 brake horse-power at 500 
r.p.m., and designed for a mean net head of 1,302 ft. 
(n, = 15-67), have operated satisfactorily at the Hol 
Hydro-Electric Development in Norway. There is no 
reason why, for very large output machines, Francis 
type turbines should not be used under even higher 
heads, provided that the correct materials for their 
construction are chosen, that a conservative speed is 
adopted, and that model tests are undertaken to 
ascertain cavitation performance. The impulse tur- 
bines operating under the highest head in the world 
are at Dixence, Switzerland, where five horizontal- 
shaft Charmilles units each of 50,000 brake horse- 
power capacity are designed for a maximum head of 
5,707 ft. and a minimum head of 5,117 ft. Each unit 
comprises two runners disposed one on each side of 
the alternator, and each runner has one jet acting 
upon it. As the machines run at 500 r.p.m., the specific 
speeds per jet are 1-59 and 1-83 for maximum and 
minimum heads respectively. 

Propeller turbines operate ai all heads up to a 
normal maximum of 100 ft. However, a 7,600-brake 
horsepower Charmilles Kaplan turbine is in opera- 
tion under a head of 184 ft. at Rocchetta power 
station, Italy, though the minimum head is 46 ft. 
There is no reason why Kaplan turbines for up to at 
least 200 ft. head should not be used for large output 
machines. 

There are obviously border-line cases where either 
of two types of turbines may be used. It is then 
necessary to consider a number of factors. Firstly, 
comparing impulse with Francis machines:— 

(1) The Francis turbine with its draught tube makes 
use of the total static head between runner and tail- 
water, whereas the Pelton runner must, of necessity, 
be placed above the maximum operating tailwater 
level if it is to function under all conditions. This 
loss of head, which can sometimes be considerable, 
is really equivalent to a loss of efficiency. 

(2) Where there are large fluctuations of headwater 
levels, the low specific speed Francis turbine can ac- 
commodate a head variation of approximately + 35 
per cent. about normal head without undue change 
in characteristics, whereas the impulse can only 
operate to about + 20 per cent. of normal head to 
maintain reasonable efficiency. 

(3) Efficiency favours the Francis above about 60 
per cent. of full load but the impulse is much better 
at lower loads. Turbines for operating under high 
loads for considerable periods are, therefore, best of 
the Francis type (for example, for peak or base load 
operation), while, with widely fluctuating loadings and 
water availability, impulse turbines are most advan- 
tageously used. In the case of physically small size 
Francis turbines, the leakage losses through the peri- 
pheral clearances are a high percentage, resulting in 
excessive efficiency losses, thus minimising the natural 
advantage of higher efficiency. 

(4) The higher speed of the Francis turbine usually 
reduces the generator costs and the overall dimensions 
of machinery and building, although additional ¢x- 
cavation in hard ground may be very expensive. Also, 
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when the developed power is small, the Francis type 
might operate at too high a speed for the generator 
design, and the impulse turbine is then to be preferred. 

(5) The Francis type with its large number of 
moving parts is more subject to damage due to sand 
or other abrasives in the water. However, wear on 
the spear or nozzle surfaces of Pelton wheels can 
cause large reductions in efficiency due to jet distor- 
tion and spraying. Also the fine splitter edges on the 
runner buckets can be easily worn. By the choice of 
proper materials for Francis turbines, its inherent dis- 
advantages in this respect can be considerably re- 
duced, and the less frequent overhauls needed by the 
Francis turbine are in its favour. 

So far as Francis as compared with propeller 
turbines are concerned:— 

(1) Higher efficiency favours the Francis over the 
fixed-blade propeller only slightly, but the Kaplan 
turbine is much more efficient than either of these 
over a wide range of load, except at the very peak 
of the Francis curve. The Kaplan type is also superior 
for wide fluctuations of head, and the gain in efficiency 
is considerable. 

(2) The higher speed of the propeller turbine reacts 
in its favour in a similar way as does the Francis 
turbine as compared with the impulse turbine. 

(3) The setting with respect to tailwater favours 
the Francis turbine, which therefore requires less ex- 
pensive excavations. 

(4) With the machine unloaded and the turbine 
wicket gates fully open passing a maximum quantity 
of water, the relationship between the gates and the 
runner blades may be such that the runaway speed 
achieved by the propeller turbine (especially the 
Kaplan) is higher than that of the Francis. This may 
result in a more expensive generator, since the rotat- 
ing parts which must be designed to withstand the 
stresses at runaway speed may necessitate a reduction 
in diameter and increase in length of the machine. 

(5) The cost of the Kaplan turbine with its compli- 
cated blade mechanism and control apparatus far 
exceeds that of the Francis and fixed-blade propeller 
types. 

The governor speed measuring device usually con- 
sists of flyballs driven directly by the turbine shaft, 
or through gearing or by belt, or by an electric motor 
running in synchronism with a_ permanent-magnet 
generator coupled to the shaft of the generating unit. 
The last system is most useful in cases where layout 
does not readily permit a convenient juxtaposition 
of turbine and governor, since only a three-core cable 
forms the interconnection. 

Means are usually provided on the governor for 
varying the speed either locally by hand or from a 
remote point by electric motor. The range of adjust- 
ment normally lies between + 5 per cent. and - 15 
per cent. of normal speed, and this enables synchronis- 
ing and loading of the generator to be carried out. 
Similarly, a hand-operated speed drop device capable 
of varying the speed between full-load and no-load 
by up to about 5 per cent. of normal speed is included 
with the governor the generator of which is running 
m parallel with other generators. The characteristic 
of the load/speed curve thus obtained enables the 
turbine to take its proper share of the load. 

Automatic governors are not required for asyn- 
chronous alternating- current induction generators 
which are held in step by the power system frequency 
of which they are only a very small part. The turbine 
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regulating mechanism is merely set to the required 
opening and the power generated is fed into the 
system. Automatic governors are also unnecessary 
for turbines subject to a constant load. 

It is obvious that upon a change of load, the change 
of speed is dependent upon the load change, the time 
required to alter the input energy, and the inertia of 
the rotating parts. The load change is determined by 
external conditions. The minimum time in which a 
governor can act to change the water quantity depends 
upon the lost motion of the moving parts which in- 
cludes both the oil-pressure system and the mechan- 
ical connections to the turbine. For a full stroke of 
the governor servomotor, the minimum time is of the 
order of one second. Normally, however, this is not 
the limitation since sudden changes in the rate of flow 
of water are accompanied by pressure variations 
(known as water hammer) resulting from the trans- 
formation of kinetic energy into potential energy, or 
vice versa, and the time necessary to keep the pressure 
regulation within safe limits (for example, + 30 per 
cent. of normal pressure) becomes the effective time. 
However, a pressure increase or reduction also affects 
the speed of the set, and this must be considered. 
Further, the change of speed itself affects the speed 
regulation because due to the change in efficiency 
there is a reduction in turbine output: for load 
rejection this assists speed regulation but for load 
acceptance the position is worsened. This condition 
is, in effect, determined by the characteristics of the 
runner. With the load change, governor time, pressure 
change, and turbine characteristic fixed, the only 
variabie becomes the inertia of the rotating parts. By 
increasing the inertia, the time taken to reach a parti- 
cular speed is prolonged and the speed rise at any 
intermediate time is therefore lessened. The permiss- 
ible speed fluctuation depends upon the type of load 
on the station, but nermally a speed rise of about 
30 per cent. for instantaneous full-load rejection is 
considered a maximum. When full load is rejected 
from the turbine, the speed rise has no effect upon the 
equipment supplied by the station, since the generator 
would be disconnected from the load. Part -load 
rejections are, therefore, more important. Only in 
exceptional circumstances would the instantaneous 
rejection of more than about 25 per cent. of full load 
be expected, and the corresponding speed rise would 
be about 4:5 per cent. of full speed. As it is practically 
impossible to apply any appreciable load instantan- 
eously speed drops are not normally so important as 
speed rises. Under certain conditions they do assume 
importance as, for example, when two machines are 
feeding a system, and due to a fault in one generating 
set it is brusquely disconnected and the remaining 
machine is called upon to accept the load previously 
carried by the faulty unit. 

Where pipelines are very long, the rate at which 
flow can be safely decreased is so low that the pro- 
vision of sufficient flywheel effect in the rotating parts 
is economically or practically unjustifiable in order 
to obtain reasonable speed regulation. Means are 
then usually adopted to reduce the operating time 
on the turbine in one or more of the following ways:— 

(1) A by-pass valve is coupled to the casing of the 
turbine so that a constant quantity is passed through 
the pipeline irrespective of the quantity actually re- 
quired by the turbine itself. The wicket gates or spear 
may thus be operated as quickly as possible. This is 
particularly useful when a constant quantity of water 
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is needed downstream of the turbine in such cases as 
irrigation projects where power production is in- 
cidental. Excellent speed rises and drops are obtained 
in this way, but otherwise the scheme has little to 
recommend it as it is wasteful of water. A similar 
system is that previously described for water quantity 
control by continually deflecting part of the jet of an 
impulse turbine. 

(2) The by-pass valve may be connected through 
a dashpot so that it is caused to open only for rela- 
tively large changes of load, and then at the same 
rate as the gates or spears close. The valve then closes 
in such a time as to restrict pressure rise. Such a 
valve is called a pressure regulator or relief valve. 
Since failure of the pressure regulator to operate could 
cause a serious catastrophe in most cases, some tur- 
bines are equipped so as to increase the turbine 
closing time if the regulator fails to function, thereby 
restricting the pressure rise to safe limits at the ex- 
pense of speed rise. 

(3) In the case of impulse turbines, a simpler ar- 
rangement is firstly to deflect water quickly and then 
to follow up by closing the needle at a much slower 
rate and to such a degree that the jet is just clear of 
the deflector. This system is known as dual regulation. 
An alternative method, which is patented, disperses 
or breaks up the jet instead of deflecting it. This is 
achieved by introducing slightly slanting vanes into 
the jet through the needle bulb. When the needle has 
taken up its correct position, the dispersing vanes 
are withdrawn within the needle, the tips lying flush 
with it. 

(4) In order to reduce the effective length of pipe- 
line between turbine and intake, a surge chamber may 
be introduced into the pipeline as close as possible 
to the turbine. On sudden rejection of load, the water 
rises in the tank and absorbs the energy released by 
the flowing water column when changing its momen- 
tum. On sudden load demand, the water stored in the 
chamber supplies the additional quantity of water 
required until the water column in the upstream pipe 
line has had time to accelerate. 

A number of auxiliary devices necessary for use 
with a water turbine have already been mentioned, 
such as governors and pressure regulators. There are, 
however, other auxiliaries usually necessary for use 
with the turbines. A most important part of the auto- 
matic governor equipment is the oil pumping and 
storing apparatus. Pumps are necessary when drainage 
and leakage water cannot be readily expelled from 
the power station by gravity. Such pumps are some- 
times designed also to de-water turbine draught tubes 
and outlet chambers when high tailwater levels make 
it impossible to allow access to the inside of the tur- 
bines for inspection purposes. In turbines where the 
wicket gates are under pressure in the shutdown con- 
dition due to the omission of-a shut-off valve at the 
turbine entry and leakage water past the main shaft 
and gate glands cannot be drained under gravity, float- 
* switch controlled main and standby electric motor- 
driven pumps are necessary. 

For indication, alarm, and shut-down purposes 
pressure, temperature, level and flow devices having 
electric contacts are often necessary and perform im- 
portant safety functions. Another important safety 
device is the overspeed governor which trips out the 
generator and shuts off the water supply to the turbine 
when the speed of the generating set reaches about 30 
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per cent. overspeed. This is necessary in order to 
restrict the rapid rise in voltage and frequency at the 
generator terminals in the event of governor failure 
causing the turbine to run away. 

A shut-off (or isolating) valve immediately before 
the turbine is always advisable where a pipeline feeds 
the turbine, for not only does it act as a back-up 
protection in the event of the turbine running away, 
but it serves as a means of isolating the turbine for 
inspection purposes without having to unwater the 
penstock, and it conserves water which might other- 
wise leak past the wicket gates. Turbine shut-off valves 
may be operated mechanically by hand, or by electric 
motor, or by hydraulic or pneumatic servomotors 
actuated by electric, hydraulic or pneumatic means. 

In view of their simplicity, the small number of 
auxiliaries required, and the ease with which water 
turbines may be run up and shut down, hydro-electric 
power stations are pre-eminently suitable for local or 
unattended remote automatic control by one “ start” 
and one “stop” push-button. The saving in labour 
costs where a group of stations are controlled from 
one central point is considerable and often enables 
an otherwise uneconomic scheme to be justified. 


High-Voltage Transmission 

Two other papers of special interest to hydro- 
electric engineers were presented at the British 
Association’s meeting. 

Referring to the development of high-voltage trans- 
mission systems, Mr. T. G. N. Haldane, M.1.C.E., 
M.L.E.E., Fel.A.LE.E., said it appears that, at least 
during the next 20 years or so, any transmission re- 
quirements likely to be encountered in Europe can 
be satisfactorily dealt with by the alternating-current 
system at voltages not exceeding 400 kV. Objections 
to the use of substantially higher voltages are the 
very high cost of the transformers and switchgear at 
the line terminations, and, a point sometimes over- 
looked, the very large amount of space required by 
the substations. We may then regard 400 kV as a 
practical limit of alternating-current transmission for 
some time to come, although the use of still higher 
voltages is not likely to present any insuperable tech- 
nical difficulties. 

While the ease with which alternating current can 
be controlled and transformed to any desired voltage 
makes that system the natural choice for the great 
majority of transmission and distribution systems, 
there are exceptional situations where direct-current 
transmission would have technical and economic ad- 
vantages if suitable converting and switching appara- 
tus were available. The possibilities of direct-current 
transmission have therefore once again begun to 
engage the attention of engineers. The cases in point 
are the transmission of large amounts of power over 
very long distances and transmission by cable where 
overhead lines are impracticable, such as across con- 
siderable expanses of water. The main advantage of 
direct-current transmission is that problems associated 
with the reactance and capacitance of the line or 
cable disappear, so that the costly compensating de- 
vices which have to be inserted at intervals in a long 
alternating-current line would be unnecessary. Direct- 
current transmission permits of greater power per 
conductor for the same insulation level than alternat- 
ing current; alternatively, the same power can be 

(Continued on page 374) 


WATER POWER October 1951 








The Ramapadasagar Reservoir Project 


R. Dorai Rajan outlines the scope and 
objects of this notable Indian scheme. 


HE Ramapadasagar dam, which is estimated to 
oF ost about Rs. 130 crores, is now awaiting 

sanction. It will constitute one of the major 
engineering projects of the world and will have a 
storage capacity second only to that of the Boulder 
dam in the United States of America. This dam is to 
be built across the Godavari, South India’s biggest 
river, at a point where it emerges out of a deep and 
narrow gorge and debouches into the plains, 14 miles 
above Polavaram and 70 miles from the Bay of 
Bengal. 

The project will serve the triple purpose of irriga- 
tion, development of hydro-electric power and of 
opening up inland navigation in three neighbouring 
States and five districts of the Madras State. With its 
source near Nasik in the Bombay State, only 50 miles 
from the Arabian sea, the Godavari river has an 


average discharge of 2-1 million cusecs—three times 
the flow of the Nile at Cairo and nearly equal to the 
peak flow of the Mississippi at Vicksburg. A problem 
connected with this scheme is that the Godavari river 
carries something like 140 million tons of silt into the 
sea annually. 

The dam will be 428 ft. high, and 30 per cent. of 
the annual flow will be utilised for irrigation purposes, 
to which end 343 miles of canals will be constructed 
to serve an area of 2:75 million acres, this being in 
addition to the area already irrigated in the Godavari 
and Krishna deltas. Finally, 150,000 kW of hydro- 
electrical capacity will be installed and 358 miles of 
inland navigation will be opened up. 

From its catchment area of 121,500 square miles, 
the river annually yields on an average some 3,700,000 
million cu. ft., 8 per cent. of this flow having been 
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utilised since General Sir Arthur Cotton built the 
11,850 ft. long Dowleswaram barrage one hundred 
years ago. He also threw another barrage, 3,786 ft. 
long, across the adjoining valley of the Krishna river, 
to irrigate another million acres of paddy. 

The length of the new Ramapadasagar dam will 
be 6,600 ft.—3,400 ft. to the right of the Mahanandi 
hill, which is almost in the centre of the river, and 
3,200 ft. to the left. Of the thirteen sites investigated, 
the one chosen offers special facilities for diverting 
the river during the construction of the dam — a 
formidable problem with such a heavy flow. This hill 
will serve as a firm anchor, minimising possible 
erosion failures of the neighbouring lengths of coffer- 
dam, in addition to reducing the quantity of concrete 
by 400,000 cu. yards. Out of the maximum height of 
the structure, 428 ft., 230 ft. will form the foundations. 
The maximum width at foundation level will be 303 
ft. At full storage capacity the level of the water will 
be about 198 ft. above the river bed, and provision 
will be made for a further increase of 10 ft. to be 
made in the future. 

The spillway will have 16 outlets with a span of 
135 ft., each provided with drum gates 18 ft. high. 
At the crest it will be 180 ft. above the river bed. 
Suitable arrangements are to be made to deal with 
the enormous quantity of silt carried by the floods 
by providing 160 sand sluices, 20 ft. high and 10 ft. 
wide, in the body of the dam at 110 ft. above the 
river bed. 

The Ramapadasagar reservoir will store 692,604 
million cu. ft. at full capacity—a little less than half 
that of the Boulder dam—with a reservoir spread of 
529 sq. miles, of which 316 sq. miles will be in Madras, 
181 sq. miles in Hyderabad, 16 sq. miles in the Central 
Provinces and 14 sq. miles in Orissa. The reservoir 
will submerge 366 villages with a cultivable area of 
131,000 acres. The effective life of the reservoir is 
estimated at 385 years. 

The depth of the foundations gives peculiar interest 
to the civil-engineering problems connected with the 
dam, and a board of consulting engineers of inter- 
national repute, with Dr. Savage, the American expert 
on dams, as chairman, and Dr. Terzahi, Mr. S. O. 
Harper (both of U.S.A.) and Sir Murdoch Macdonald 
(London) as members, was empanelled to assist in the 
investigations and to give advice during construction. 
Foreign contractors will be invited to undertake the 
constructional work as there are no engineering firms 
with sufficient experience and resources in India to 
handle an operation of this magnitude. 

Two canals will take off from either side of the 
dam. The left canal will be 130 miles long and ulti- 
mately drop into the Vizagapatam harbour. The 
right canal will be 124 miles long up the Krishna 
river whence it will branch off into two, one branch 
flowing into the Krishna to supplement the supply of 
that river, and the other branch, the Guntur canal, 
will cross it by an aqueduct and will extend thereafter 
for 89 miles. 

A system of inland waterways will be extended for 
358 miles from the Vizagapatam harbour to the 
Godavari, through the left canal and through the 
reservoir to the hinterlands of Hyderabad and the 
Central Provinces, and thence to the Krishna river. 

Industrial development will, of course, be hastened 
as the hydro-power developed will be available parti- 
cularly for the chemical industry. It will also be 
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possible to electrify certain railways and conserve 
coal. Floods will be controlled and soil conservation 
greatly assisted, particularly as the power supply will 
enable the dung formerly used for fuel to be con- 
served for manure. The reservoir will also be used 
as a seaplane base, and for experiments with fish 
culture with a view to augmenting the food supply. 

The dam, locks and other works have been esti- 
mated to cost Rs. 71-5 crores, the canal system Rs. 
49-0 crores and hydro-electric power development 
Rs. 8-5 crores. Although the dam will take eight years 
for completion and the canals 12 years, the reservoir 
will begin operation in the seventh year. 





From page 372 

transmitted with fewer conductors while retaining 
the same voltage to ground. On the other hand, there 
is no method of stepping the voltage up or down in 
any way comparable in efficiency, simplicity and 
cheapness with the alternating-current transformer, 
in addition, switching presents considerable difficulty 
as the alternating-current principle of breaking the 
circuit as the current passes through zero is not 
available. 

The study of transmission economics, including 
the choice of voltage, is a difficult and complicated 
matter and in general it is not possible to arrive at 
a definite answer by pure calculation. Calculation 
should be used as far as possible, but we must always 
be aware of its limitations due to the inevitable un- 
certainties in the assumptions on which the calcula- 
tion is based. In most cases, it is necessary to make 
some forecast of future, and largely unknown, condi- 
tions. This calls for sound judgment as well as 
vision, which qualities are in fact the essence of all 
engineering. 

With each upward step of transmission voltage, 
new technical problems are presented the overcom- 
ing of which not only requires time and experience 
but also involves heavy cost. It must not, therefore, 
be too readily assumed that any voltage level, how- 
ever high, is merely a matter of time. It may be some 
considerable time before 400,000 V is exceeded, 
but, nevertheless, we are probably within sight of the 
half million volt mark enabling blocks of a quarter 
of a million kilowatts to be transmitted per circuit 
over distances not far short of 1,000 miles, though 
whether such transmission will be economic is another 
question. Direct-current transmission may eventually 
supersede alternating-current and increase this limit, 
but it would appear more probable that, for economic 
reasons, direct current will be used initially for the 
submarine-cable transmission of very large blocks of 


power. 


The Scottish Scheme 

The electrical aspects of modern hydro-electric de- 
velopment in Scotland were considered by Mr. T 
Lawrie. He showed that the North of Scotland Hydro- 
Electric Board’s programme aggregating 913,800 
kW and 2,672,500,000 units, would help to meet 
the growth of demand for electricity in Scotland, and 
further potential water power amounting to two oF 
even three times that total still remained to be sur- 
veyed and developed. It was even possible that, as 
coal became dearer, water power resources up 1 
10,000,000,000 units of electricity per annum might 
be worth developing. 
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Some Small 


British Hydro-Electric Schemes 


Although the small hydro-electric plant is apt 
to be high in capital cost per kW of installed 
capacity, it frequently has a value altogether 
incommensurate with this cost. 


T a time when engineers throughout the world 
are busy investigating the possibility of develop- 
ing hydro-electric power stations containing plant 
to generate 100 MW and above, it is an interesting 
change to describe some of the small schemes which 
have been developed of recent years by private users 
and local authorities. While these schemes may lack 
the appeal of size and civil engineering work on the 
scale which characterises the developments of the 
North of Scotland Hydro-Electric Board in Scotland 
and the British Electricity Authority in Wales, they 
none the less contain their own problems, and are an 
example of how small water powers can be harnessed 
both economically and efficiently when conditions are 
suitable. 
In the Furness District of Lancashire, some 17 


miles from Barrow and immediately overshadowed 
by Coniston Old Man, is the Coniston Hydro-Electric 
Station, one of whose units is shown in Fig. 1. The 
hydro-electric plant consists of two 230 h.p. spiral 
cased Francis turbines operating under a head of 
210 ft. and driving 150 kW alternators. The water is 
supplied through a 22 in. bore pipeline, 1,320 ft. 
long, and special precautions are taken at the intake 
to prevent boulders and small stones being washed 
on to the screen at times of exceptional flood. The 
first turbine was installed in 1932, and for some two 
years was the sole source of electricity supply for 
Coniston and district. The second unit was added in 
1937 some time after the grid supply became avail- 
able. Both sets now run in parallel with the grid, 
and are operated to generate as many units as pos- 


Fig. 1. Coniston hydro-electric plant 
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Fig. 2. 5 kW plant installed by J. W. Longmire at 
Seathwaite, Lancashire 


sible as well as making a small contribution to the 
winter peak load. The station is normally unattended 
and is visited once per day. The plant was installed 
by the Barrow Corporation Electricity Department, 
and is now operated by the B.E.A. 

In the same district, at the small village of Seath- 
waite in the Duddon Valley, Mr. J. W. Longmire, 
proprietor of the Newfield Hotel, has installed a 5 kW 
direct-current unit operating under a head of 12 ft. 
The power station and part of the head race can be 
seen in Fig. 2, and Fig. 3 is a layout drawing of the 
installation. An ungoverned Francis turbine is 
arranged in a concrete chamber at the end of the 
head race, and the flow of water through the turbine 
is controlled by adjustable guide vane mechanism 
inside the power station. 

The turbine drives by belt a MacFarlane “ Magni- 
con” constant voltage 240 V. generator. 

The stream suppiying the turbine is partly fed by 
compensation water from Seathwaite reservoir which 
provides some of the water supply for Barrow, and 
for the greater part of the year full output can be 
obtained from this unit. It appears unlikely that the 
grid supply will come to Seathwaite for some time 
and the continuous availability of cheap electricity 
has proved a great blessing in this rather isolated 
village. 

A more ambitious domestic supply scheme is that 
recently completed for Islay Estates Ltd., at Bridg- 
end, Islay, the Scottish residence of Major John Mor- 
rision, M.P. Here a gross head of nearly 70 ft. is 
available but this head has only ‘een developed by 
using a pipeline 1,820 ft. long. The new plant, which 
was installed in October 1949, replaces a turbine 
built in 1910 which was used for battery charging 
only. It now comprises of a spiral cased Francis tur- 
bine driving a 22°5 kVA, 415/240 v. 3 phase alterna- 
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tor and a Turgo impulse turbine driving a 12 kVA 
aiternator. 

The Francis turbine is fitted with the “Giljet” 
governing system recently developed by Gilbert 
Gilkes & Gordon Ltd. of Kendal. With heavy load 
rejection it was essential to limit the pressure rise in 
the 40 year old pipeline and also the speed rise of 
the hydro-electric set. In place of the conventional 
governor operated relief valve, an impulse jet brake 
is provided which comes into operation immediately 
there is an appreciable speed rise due to heavy load 
rejection. A series of “ buckets” are formed in the 
rim of the flywheel and these buckets rotate towards 
the jet which is opened by the governor, and closes 
slowly under the action of a dashpot. Fig. 4 is a 
photographic reproduction of the turbine and gov- 
ernor, and in the background the tachograph and 
pipeline pressure recorder used at the time of instal- 
lation can be seen. With full load suddenly rejected 
the speed rise was less than 3 per cent. and the pres- 
sure in the pipeline did not rise above static head. 

For the smaller unit, an impulse turbine with hand 
spear regulator and deflector governor was selected 
in order that the most efficient use could be made of 
the water in times of drought. The Turgo impulse 
wheel drives by belt a 1,500 r.p.m. alternator, a 








Fig. 3. Layout of Mr. J. W. Longmire’s plant 
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Fig. 4. 30 h.p. turbine with “ Giljet”’ governor, direct coupled to 22:5 kW alternator, under test, Islay Estates 


view of this unit being given in Fig. S. 

As a standby to the hydro-electric sets and to assist 
in carrying heavy loads from the estate saw mill, a 
third diesel-engine-driven alternator rated at 27:5 
kVA is provided. All three units are designed to 
operate singly or in parallel, and the power station 
is a miniature example of a combined hydro-electric 
and thermal supply system for a rural area. 

As a rule, with the small hydro-electric scheme, 
little use is made of storage other than that designed 
to carry peak loads at certain times of the day and to 
save water when the load is light. An interesting ex- 
ception is the 100 kW Pelton wheel unit installed by 
Squadron Leader L. J. MacLean, of “ Glenmore,” 


Kilmelford, Nr. Oban, and shown in Fig. 7. The 
water is drawn from a loch more than a mile from 
the power station, giving a gross head of 450 ft. The 
area of the loch is some 28-8 acres and the total 
catchment area less than one square mile. The loch 
is normally not drawn down more than 3 ft. but even 
so the storage is sufficient to give satisfactory opera- 
tion throughout the whole year. To conserve water 
the Pelton wheel is fitted with a shaft governor operat- 
ing a jet deflector and hydraulically operated slow- 
closing spear-control mechanism. 

Although the scheme was originally designed to 
supply the house only, it proved so successful that 
now the post office, school, church, hotel and other 


Fig. 5. 16 h.p. Turgo impulse wheel driving 12 kVA alternator, Islay Estates 
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houses and cottages in the im- 
mediate vicinity ail obtain 
electricity from this one unit. 

The compensation water 
which is normally released 
continuously from the reser- 
voirs built for public water 
supply, provides a convenient 
and profitable source of hydro- 
electric power. Fig. 6 shows a 
200 kW unit operating under 
a head of 130 ft. and installed 
by the Derwent Valley Water 
Board at their Ladybower 
Reservoir in 1946. There are 
two units of this size, and a 
third of 32 kW. 

For isolated reservoirs “com- 
pensation water” turbines pro- 
vide a valuable source of elec- 
trical and mechanical power 
for the reservoir attendant’s 
house, or in larger schemes, 
for filtration plant, saw mills, 


etc., which are often located Fig. 


close to the main dam. 

At Daer Reservoir, now being constructed for the 
Lanarkshire Water Joint Committee, two turbines 
will be installed, each designed to pass 4°5 m.g.d. 
under a nett head which will vary from 125 to 61 ft. 
The turbines will be direct coupled to 75 kVA alier- 
nators, and will provide all the electrical power 
needed for the filtration plant and other local require- 
ments. These turbines will be Turgo impulse wheels, 
with deflector governors and hand spear regulators 
which will be controlled to ensure that the correct 
volume of compensation water is always passed. 


6. 


200 kW set at Ladybower reservoir 


The above are only a few examples of the large 
number of hydro-electric sets rated at 200 kW and 
below, which are operating satisfactorily in all parts 
of the British Isles. The aggregate power they develop 
is small compared to the total electrical requirements 
of the country, but at a time when every ton of coal 
must be conserved, they are making a useful con- 
tribution towards the country’s prosperity. Possibly 
more important, they are providing a supply of 
electricity in remote areas where there is little likeli- 
hood of a public supply being made available. 
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Fig. 7. 100 kW impulse-wheel set installed by Squadron Leader MacLean 
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Power Development in Ireland 


A description is given of the hydro-electric scheme 
and generating station on the river Liffey at 
Pollaphuca, County Kildare. 





N 1937, eight years after the river Shannon hydro- 
B stectric station at Ardnacrusha began operating, 

the Electricity Supply Board started work on 
developing the power of the river Liffey. This river 
rises in the Dublin mountains at a height of nearly 
1,800 feet. Taking a circuitous route, it flows west 
over the plain of Kildare, turns north, and finally east, 
to enter the sea at Dublin bay. It is 82 miles in length 
and drains an area of over 500 square miles. There 
are a number of falls in the river, and of these, the 
three most suitable for power development are situ- 
ated at Pollaphuca Bridge, where the main road from 
Dublin crosses the river, at Golden Falls, about a mile 
downstream from Pollaphuca, and at the Salmon Falls 
near Leixlip. 

The proximity of the city of Dublin to these 
potential sources of power has, in the past, inspired 
many plans for the conversion of the force of the 
falling water into electric power. It was not, however, 
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until 1936, after extensive survey, that a scheme pre- 
pared by the engineers of the Electricity Supply Board 
received the approval of the Government, and the 
initial construction work was started in the following 
year at Pollaphuca, the main civil works being 
completed in 1942. 


The Pollaphuca Dam and Reservoir 

The erection of a 100 foot dam in a rocky gorge 
at Pollaphuca was to serve a dual purpose. In addition 
to developing a 150 foot fall in the river for the 
generation of electricity, the dam created a reservoir 
with an area of 5,000 acres at some 600 feet above 
sea level, thus providing an admirable source for an 
additional water supply to the City of Dublin. Under 


Below: Aerial view showing complete layout of dam 
and power house of the hydro-electric generating 
station on the river Liffey at Pollaphuca 





Above: Hydro-electric power house with surge tank 


and outdoor transformer station on the river Liffey 
at Pollaphuca 

Below: Diagram map showing hydro-electric develop- 
ments on the river Liffey 
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an agreement with the Electricity Supply Board and 
the Dublin Corporation, provision was made in the 
scheme for the supply of up to 20 million gallons per 
day. There is brown trout fishing in the reservoir, the 
rights of which are under the control of the Electricity 
Supply Board. 

The intake building located at the dam houses the 
control mechanism and operating gear for the main 
intake gate—this is a fast closing gate which can be 
operated by push button from the power station 
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control room. The vertical travel of the gate is 20 feet 
and it can move this distance and close off the full 
water quantity for two 15 MW turbine sets in 22 
seconds. From the intake gate the water enters a 
reinforced concrete tunnel which is 16 feet diameter 
and 1,350 feet long. This tunnel terminates under and 
opens into a steel surge tank which is 66 feet diameter 
and 100 feet high. In the base of the surge tank the 
tunnel bifurcates into two steel pipelines which pass 
into the adjacent valve house and thence on to the 
two 15 MW Kaplan turbines in the power station 
below. In the valve house, at the top of each pipeline, 
is fitted a hydraulic (oil) operated butterfly valve of 
disc diameter 12 feet. The pipelines are 12 feet in 
diameter and approximately 180 feet long from the 
valves to the turbine spiral casing. The butterfly 
valves are connected into the protection system of the 
turbine and can close automatically against full water 
quantity on certain types of faults. As the closing time 
of these valves is of the order of 18 seconds, the 
100 foot high surge tank previously mentioned is an 
essential feature in the protection system. It has been 
designed so that if both butterfly valves close together 
with full water quantity flowing to each turbine 
the surge resulting from the large energy content of 
the moving water in the intake tunnel will not exceed 
the height of the surge tank. 

The generating plant consists of two 15,000 kW 
Kaplan turbine units. The first of these sets was 
installed during 1943-44 and was commissioned in 
December, 1944. To date it has generated over 100 
million units. The first set is driven by an eight bladed 
Kaplan runner wheel manufactured by Ateliers des 
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Charmilles of Switzerland to the order of The English 
Electric Co. Ltd., who were the main plant contrac- 
tors. All other mechanical equipment, governor, and 
alternator were provided for this set by The English 
Electric Co. Ltd. 

The second generating set was commissioned in 
January 1947 and to date has generated about 36 
million units. The turbine of this unit is also an eight 
bladed Kaplan but it is of the “ feathering propeller ” 
type manufactured by The English Electric Co. Ltd. 
The blade-operating servomotor in this case is housed 
in the runner hub. This runner has also a unique 
feature in that it is equipped with a hydro brake 
anti-runaway device which operates if the ordinary 
overspeed device fails to shut down the turbine in 
emergency. This complete generating unit was manu- 
factured by The English Electric Co. Ltd. 

The general design features and operating per- 
formance of both 15,000 kW generating units are 
practically identical apart from the exceptions men- 
tioned above. 

The over-blade tip diameter of each turbine runner 
is 8 ft. 6 in., speed is 300 r.p.m. and the output is 
21,500 h.p. (metric) at the gross design head of 154 
feet. The maximum head water level is 618 feet O.D. 
and the minimum 580 feet O.D. The maximum tail 
water level is 458 feet O.D. and the minimum 444.6 


Left: Feathering-propeller runner showing vanes of 
hydro brake extended 


Below: Pollaphuca generator hall 





feet O.D. Both turbine runners have their centre lines 
(centre of hub of Kaplan blades) at 431.25 feet O.D. 
so that even at minimum tail water level the blades 
are “drowned” by more than 13 feet. This setting 
of the turbine runners has given good results and 
both turbine runners are in excellent condition and 
show no signs of cavitation or other troubles. 

A method of water flow measurement now 
becoming usual in Europe was adopted in the 
acceptance tests as the layout was suitable. This was 
the “salt velocity” method which consists in the 
injection of a brine solution into the water flow at the 
entrance to the intake tunnel and the measurement 
of the time necessary for this brine to travel to a 
double set of electrodes which were mounted in the 
tunnel about 50 feet upstream from the surge tank. 
The accurate measurement of the length of the tunnel 
between injection nozzles and electrodes and its 
average diameter were necessary to determine the 
exact water quantity which flowed through the turbine 
under test during the time measured. All other aspects 
of the testing procedure were as in normal practice. 

The utilisable storage in the head waters in the 
reservoir is approximately half the average annual 
inflow to the reservoir. Reckoned on Pollaphuca out- 
put only this storage is equal to 15 million units. The 


output of the Pollaphuca station for the past two years 
has been at the rate of 30 million units per annum, 
practically all of which was used for peak load pur- 
poses. This station is also of the greatest service to the 
system in emergency as each machine can be run up 
from standstill and synchronised ready for loading in 
14 minutes after which full output can be reached in a 
few minutes. 

The 18,750 kVA alternators generate at 10/11 kV 
and are connected to two 20,000 kVA 10/110 kV tap- 
changing transformers. The transformers are con- 
nected to an adjacent outdoor 110 kV switch station 
equipped with ASEA low oil-type circuit breakers 
having a rupturing capacity of 1,500 MVA. From this 
switch station the power developed by Pollaphuca can 
be fed at 110 kV to Inchicore (Dublin) or to Waterford 
and Kilbarry (Cork) 110 kV transformer stations. 

The tail water of Pollaphuca becomes the head 
water of Golden Falls 4 MW station (propeller type 
turbine) and the storage water between the two 
stations forms an equalising reservoir. The discharge 
from Golden Falls flows down the normal course of 
the river Liffey for a further 30 miles before it meets 
the dam of Leixlip 4 MW (Kaplan) station. 
Photographs by permission of the Electricity Supply Board, 
Dublin, Ireland. 
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Analysis of Stress in Flanges for Turbine Pipelines 


To the Editor of WATER POWER 

Upon reading Mr. Englesson’s interesting article 
on this subject in the September issue of WATER 
POWER there seemed to me to be certain inconsis- 
tencies on page 335. On the basis of Mr. Englesson’s 
assumptions and Fig. 1, it seems that the radial dis- 
placements of any elemental ring A should be 


h 
(s+ ~ Je If, however, the ring section is assumed 
9 

to rotate through a small angle ¢ about a point on the 
so-called neutral axis, the radial displacement of 
elemental ring will be given by ye. This assumption 
appears to be more in accordance with what tlie 
author is considering, especially since the displace- 
ment shown in Fig. | would seem to require radial 
forces in addition to the couple to produce it. 

The external couple M is not clearly specified but 
if this represents the couple per unit arc of the bore 
of the flange, the law of conservation of energy gives 


the following equation:— 
h 


| ry “2 
Mne= | f J o° x dy dx 


Substituting 


Eo h* ry 

loge — 
12r, ro 
which is consistent with the author’s equation (5). 
It seems as though r, has been inadvertently omitted 
from equation (2) of the article. 

Again on page 336 the maximum 

Egh 

given as 7, =——— which appears to be consistent with 
2r, 

the assumptions suggested above. 

The main portions of the article do not seem to be 
aifected by the matters raised but it is important for 
the basis of the analysis to be clearly defined. In this 
connection equations (6) and (11) appear to have been 
quoted without reference to their origin or derivation. 

T. M. CHARLTON. 


that is M = 


stress is 





Wellpoint Dewatering System. Catalogue No. 103 
produced by Blaw Knox Limited illustrates and 
describes their system of pre-draining water-bearing 
areas without removal of the fines, so leaving a dry 
stable material which can be excavated and framed 
with a minimum of trouble. 

Hydraulic Turbines and Auxiliaries. A_ bulletin 
(No. 0287301) issued by Allis-Chalmers illustrates 
and gives brief technical particulars of some of the 
large plants they have supplied for hydro-electric 
schemes in various parts of the world. Francis, pro- 
peller, Kaplan and impulse types are considered 
together with such auxiliaries as governing gear, 
pressure regulators, butterfly and high-head shut off 
valves. 

Lancashire Dynamo & Crypto. A publication issued 
by this concern illustrates and describes their electric 
drives for various machine tools —large and small 
lathes, planers and innumerable small tools. All the 
drives are neatly disposed and are totally enclosed. 
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British Transformers for Alcan 


The Aluminium Company of Canada have placed a 

contract with Ferranti Limited, Hollinwood, Lanca- 

shire, for power transformers totalling 400,000 kVA, 
to operate at 300,000 and 275,000 V. 


HE Ferranti transformers ordered for the Alcan 

project of the Aluminium Company of Canada 

Limited are believed to be the highest-voltage 
power transformers yet ordered in Great Britain and 
will be one of the largest three-phase banks in North 
America. The contract covers both generator trans- 
formers for the Kemano hydro-electric generating 
station and the corresponding step-down system 
transformers for the aluminium reduction plant at 
Kitimat. The contract was secured against inter- 
national competition. 

The 71 MVA single-phase Kemano generator 
transformers form a 213,000 kVA 13,200/301,000 V 
three-phase bank connected through double primary 
windings to two generators. Forty-nine miles away 
across wild mountainous country the 37 MVA single- 
phase step-down transformers for Kitimat will form 
a 111 MVA 275,000/73,200 V three-phase bank. 
Transformers for both sites are of the “OFW” (forced 
oil, forced water cooled) type and are of the well- 
known Ferranti directed-oil-flow construction. They 
are built to conform to A.S.A. standards. 

The Kemano generating station is to be built under- 
ground. The generator transformers are to be installed 
in underground cubicles hewn out of the solid rock, 
adjacent to the generators, some 300 ft. below the 
surface. This location, reached by means of a long 
underground access tunnel, has involved special prob- 
lems. The weight and both the transport and the 
service dimensions have been restricted, and it has 

een necessary to decide upon a suitable terminal 
layout for the 301,000 V output from the transformers 
to carry this vast amount of power from the cubicles 
to the surface transmission line. Another factor is that 
under emergency conditions it is vital for the alu- 
minium production technique that any transformer 
can be withdrawn from its cubicle and replaced by a 
spare in under three hours. Considerable ingenuity 
has been necessary to achieve this quick changeover 
feature on these transformers, weighing as they do 
approximately 100 tons each single-phase unit. The oil, 
water, and control circuit connections must all line up 
accurately and be of special design to suit this need. 

The Kitimat transformers are for installation in the 
open and will be subject to the most rigorous weather 
conditions. 

Some brief general details of the Alcan project will 
be of interest. It is claimed that the ultimate capacity 
at the Kemano hydro-electric station is to be approxi- 
mately 1,600,000 h.p. and that the output will exceed 
that of any other single generating plant ever built. 

The project is now taking shape, not within easy 
reach of ample supplies of material and manpower, 
but in the wilderness of North Western Canada 400 
miles north of Vancouver towards the southern tip 
of Alaska. The nature of the country is one of steep 
and jagged mountainous terrain, thickly wooded be- 
low the snow line, and over which there are no roads 
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or railways. The area under construction is hundreds 
of miles from normal civilisation as we know it and 
is approximately 160 miles long and 60 miles wide. 
Much of the original survey for the transmission line 
was carried out by aerial photography and examined 
stereoscopically for suitable tower locations and route. 

Both Kemano and Kitimat can be seen on a large- 
scale map of British Columbia in the vicinity of the 
towns of Prince Rupert and Prince George between 
which lies the catchment area for the water. Over this 
area, by means of the construction of dams and by 
the boring of huge tunnels, the water from at least 
a dozen of the larger lakes and a host of smaller lakes 
will be drawn upon. A ten-mile tunnel 25 ft. in 
diameter driven through the Coast Mountains will 
deliver the water into the underground power station 
at Kemano. 

This work involves the building of many new access 
roads to the site works. One of these from railhead 
at Burno Lake to the east end of Tahtsa Lake is in 
itself 100 miles long. 

At some points the steepness of the country is such 
that roads are impracticable and all freight must pass 
on barges. Nor is it by any means a straightforward 
problem to get these barges to site. They were built 
in Vancouver in five dismountable sections and sent 
by rail to the nearest point, which was 125 miles away 
from the job. Two routes were then used to reach site 
in the hope that one route might prove quicker than 
the other. One barge was hauled in sections on skids 
by tractor overland across rugged country (not roads). 
The other was assembled and floated to the job 
against heavy currents far too strong for the barge 
engines and which necessitated an engine-driven 
winch line attached to the shore to make headway. 

Kitimat, where the aluminium reduction plant will 
eventually operate, is on the site of an old Indian 
village and will eventually become a new town of 
many thousands of inhabitants. 

The scheme is expected to be in operation in 1954. 





Air-Blast Circuit Breaker. A coloured folder received 
from The English Electric Co. Ltd. illustrates, des- 
cribes and gives test data of their 132 kV to 165 kV 
air-blast circuit breakers for which many advantages 
are claimed. 

Heliocentric Speed-Reducing Gears. A revised and 
enlarged catalogue received from Sanderson Brothers 
& Newbould Limited gives particulars of their speed- 
reduction equipment which can be supplied in ratios 
ranging from 20:1 to 512,000: 1, and for use with 
motors ranging from 0:25 to 30 h.p. 

Totally Enclosed Motors. Allis-Chalmers of Mil- 
waukee, Wis., U.S.A., has issued a bulletin (No. 
05B7150A) on their improved totally enclosed fan- 
cooled motors, giving particulars of their construction, 
ratings and so on. 
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Scraping the bed of the loch preparatory to the blow-through 


The Loch Fannich Development 


The Grudie Bridge station of the North of Scotland 
Hydro-Electric Board is now in commission. This 
article describes the construction of the tunnel, the 
unusual method of making the connection to Loch 
Fannich, and the pipeline. A_ second article will 
describe Grudie Bridge generating station. 


HE recent commissioning by the North of Scot- 
land Hydro-Electric Board of the Grudie Bridge 
power station, which utilises the waters of Loch 
Fannich, represents the first stage of one of the largest 
projects for which the Board is responsible. This 
project, the Glascarnoch, Luichart and Torr-Achilty 
Project, embraces the development of the Conon basin 
in Ross-shire, and will ultimately comprise six stations 
having a total installed capacity of 107,000 kW and 
an annual output of about 450 million kWh. 
Loch Fannich is situated upwards of 20 miles west 
of Dingwall. It is about 64 miles long, has a water 
surface of 34 square miles, and is 822 ft. above 
ordnance datum. A tunnel 3} miles long and with an 
equivalent diameter of 10 ft. has been driven leading 
from the south-eastern corner of the loch in the 
general direction of the river Grudie and terminating 
in a steel pipeline 1,600 ft. long feeding two 12,000 
kW sets at Grudie Bridge power station. The tail 
waters discharge into the river Grudie just upstream Fig. 1. Mouth of the adit, showing the method of 
of its junction with the river Bran, flowing into Loch turfing the sides of the cutting 
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Luichart at its western extremity. 

An unusual and interesting feature in the construc- 
tion of the tunnel was the making of the underwater 
connection to the loch. Instead of using a cofferdam 
the tunnel was driven under the loch until only a thin 
plug of rock remained, and finally the plug was blown 
out. This is only the second occasion on which this 
method has been adopted in Great Britain, the other 























being the Lochaber development over 20 years ago. 
At present the available draw-down on the loch is 
about 60 ft., but a dam is to be built at the eastern 
end 1,500 ft. long and 20 ft. high, giving a storage of 
no less than 83 per cent. of the annual output. Two 
aqueducts discharging into the loch at the south-west 
and north-east respectively will increase the natural 
catchment to an area of about 55 square miles. 
In the Conon basin scheme of which the Loch 
Fannich development forms a 
part, two of the power stations 
are to be built on or near Loch 
Luichart. To the north of Loch 
Luichart a 70 ft. high dam and 
connecting tunnel will divert 
waters of Strath Vaich and the 
intercepted waters of the upper 
Strath Rannoch into the Glas- 
carnoch Valley where they will 
be impounded by a 90 ft. high 
dam to create a new large 
reservoir. A five-mile tunnel 
from this reservoir will serve 
the Glascarnoch power station 
at the head of Loch Luichart 
Which will contain two 12,000 
KW vertical Francis sets iden- 
tical with those at Grudie 
Bridge. To the west, a low- 
head station, referred to as 
Achanalt station and contain- 


ing a 2,000 kW set, will be 
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built just downstream of Loch a’Chuilinn, utilising 
the waters of the Bran. To the south-east, the level 
of the river Meig will be raised by a 60 ft. dam and 
the water diverted by a tunnel to Loch Luichart. 
Loch Luichart is to be dammed at its outlet to raise 
the level from 254 to 290 ft. above ordnance datum, 
and the combined waters taken by tunnel to Luichart 
station, which will contain two 12,000 kW sets and 


| Don \ 


\ 
——¢ OF JACKS S 
x 4 sn 


Ls 4 





N 


dL PJ CONCRETE Tray —— 
é ‘Some fae 3 ne 
| 


























a 


Fig. 3. Carriage and shuitering for the crown 





will discharge into the river Conon. Some three miles 
downstream a dam 55 ft. high will be constructed 
across the Conon, and a power station, to be known 
as Torr Achilty and incorporating two 7,500 kW 
Kaplan turbines, will be incorporated in the dam 
structure. This will act as a balancing station to even 
out the flow of water and ensure the easy approach 
of salmon to the fish pass. Torr Achilty will handle 
water from a total catchment area of 345 square miles 


Fig. 4. A completed length of tunnel sidewall 





and will have a storage of 32:5 per cent. Eventually 
a sixth generating station may be built discharging 
into the south side of the Torr Achilty reservoir, but 
as yet this is only in the proposal stage. 


The Fannich Tunnel 

As a preliminary to the actual constructional work, 
an old shooting track that ran from Grudie Bridge 
to Loch Fannich was made into an access road 
capable of taking one line of traffic, supplemented by 
passing places, and about a mile from Grudie Bridge 
a camp for 700 workpeople was built in an area 
enclosed between the access road and a convenient 
bend in the river Grudie. This was commenced in 
1946, and the contract for the construction of the 
tunnel was let in February, 1947. 

From the junction with the loch a 470 ft. section 
of 11 ft. equivalent diameter leads first to a gate shaft 
and secondly, after a further 230 ft., to a screen shaft 
160 ft. deep. Thence the tunnel is of 10 ft. equivalent 
diameter and extends through the mountain a distance 
of 17,660 ft. to a surge shaft 32 ft. 6 in. in diameter 
and 220 ft. deep. The remaining portion is 1,124 ft. 
long, dips at a gradient of | in 21-7 and is of circular 
section 9 ft. in diameter. It is concrete lined to within 
400 ft. of the portal, from which point it is lined with 
steel pipe surrounded by concrete. 

Operations were commenced by driving an adit 
(Fig. 1) into the mountain side from a point about 
half a mile from the camp, and on reaching the line 
of the tunnel, opening out two faces travelling up- 
stream and downstream respectively. Simultaneously 


Fig. 5. Shuttering in position for a section of the crown 


Fig 6. Taking out a section of the invert 


work was begun on the screen shaft, and when this 
had been sunk a face was set off downstream to meet 
that coming from the adit. 

Owing to the comparatively small diameter of the 
tunnel some ingenuity was needed to ensure that the 
various operations involved in excavating and lining 
could proceed without interference. Each face was 
taken out to full diameter in one operation by Inger- 
soll Rand D.A. 35 jumbo-mounted drifters, using 
Polar ammon gelignite A. explosive, the muck being 
handled by Eimco 21 shovels 
loading on to 2-yard skips. 
Diesel locomotives were used 
at first to haul the skips, but 
they were later replaced by 
electric battery locomotives 
built by Logan Mining & En- 
gineering Co. Ltd., Dundee. 
The rock proved reliable, being 
a Moine schist of fairly uni- 
form consistency, so that no 
supports were necessary, and a 
maximum footage was obtained 
on one face of 140 ft. per week 
working on a three-shift basis 
of about 15 men per shift. 

As the face advanced, 30 lb. 
rails were carefully set at 6 ft. 
gauge on concrete footings in 
the exact line of advance and 
to the height of the finished 
invert, these rails being used 
as the location for all future 
operations. Between these rails 
a 2 ft. gauge sleeper-mounted 
track was laid, also with 30 lb. 
rails, to take the skips. As soon 
as the 6 ft. track was set, a 
wheel-mounted wooden gauge 
frame was run along it and the 
excavation dressed to full 
gauge, allowing for a minimum 
thickness of concrete lining of 
5 in. over rockpoints. 

The concrete lining of the 
10 ft. tunnel was laid in three 
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Fig. 7. Mixer and pump for pouring the concrete 
lining in the 9 ft. tunnel 


stages — sides, arch and invert—the crown of the 
completed lining being finally drilled at 10 ft. centres 
and grouted to fill any remaining cavities. Removable 
steel shuttering was used to set the sides and arch, 
and sections through the tunnel showing this arrange- 
ment are given in Figs. 2 to 6. To carry the side 
shuttering a rake of carriages was built consisting of 
a structural-steel framework wheel-mounted on the 
6 ft.-gauge track, and as will be seen from Fig. 2, the 
framework was constructed to allow the free passage 
through it of the mucking skips and locomotive. Each 


carriage was 20 ft. long, and two or more carriages 
could be bolted together to shutter a length of 30, 
50, 70 ft., etc., of tunnel, allowing for a loss of 10 ft. 
at the ends. The side shutters were constructed in 
panels 5 ft. long, and were located in their correct 
positions by upper and lower jacks extending hori- 


Fig. 8. First length of lining in the 9 ft. tunnel. The 
invert is placed prior to setting up the main shutter 
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zontally from the carriage framework. 

Along each side of the carriage framework a plat- 
form was arranged at a convenient height for working. 
The concrete was mixed at a station outside the adit 
and taken in on 4 cu. yard trays mounted on special 
carriages running on the 2 ft. track. As will be seen 
from Fig. 2, the sides of these trays were arranged 
to hinge down flat on to the platforms of the shut- 
tering carriage, permitting comfortable shovelling. 
Roughly in the centre of each shutter panel was a 
removable door through which the concrete behind 
the lower part of the shuttering was placed, the door 
being subsequently replaced and the filling completed 
from the top of the shutter. 

To set the arch shutters a separate rake of structural- 
steel carriages was built having vertical jacks on which 
the shutters were carried to site, as shown in Figs. 3 
and 5. On reaching the desired position, Mills props 
were set below the ends of the shutters and the 
shutters jacked hard up into position. The carriages 
were then withdrawn and the concrete brought in 
in 4 cu. yard trays on 2 ft. gauge platform carriages. 
A central door in each shutter enabled the concrete 
to be placed at the ends of the arch, after which the 
crown was placed by closing the door and working 
through the door opening in the next shutter. 

To enable the invert to be cleaned out and con- 
creted without impeding traffic, the 2 ft. gauge track 
vas packed up to a height of 2 ft. on steel cross joists 
equipped with hardwood pads to seat on the side 
linings. The track was offset to enable the men to 
work more easily, and the muck shovelled on to trays 
laid on the cross joists, as seen in Fig. 6. By the use 
of these trays it was possible to load up a train of 
skips expeditiously without impeding traffic. 


Surge Chamber and Portal Section 

From the surge chamber to the portal the section 
becomes circular and 9 ft. in diameter as already 
stated. In this section it proved convenient to install 
a mixing station in the workings and to place the 
concrete by pumping as seen in Fig. 7. 


Fig. 9. One of the steel strakes for the steel-lined 
section of the 9 ft. tunnel being drawn into position 
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Fig. 10. Drawing off rock spoil at the base of the 
surge-shaft stope 


For the concrete-lined section the invert was placed 
first, and a wooden shutter set on it, as seen in Fig. 8, 
to pour the main lining. When the lining was set, 
withdrawal of a wedge slackened the shutter suf- 
ficiently to enable it to be drawn forward bodily by 
a winch. For the steel-lined section the steel strakes 
were drawn in by winch through the portal opening 
in 16 ft. sections, as seen in Fig. 9. To facilitate this 
operation 20 Ib. rails were laid in this section of the 
tunnel, and small rollers were 
welded to the lining sections to 
run on the rails. 

The surge shaft was excava- 
ted by first stoping upwards 
from the tunnel a shaft of 
trapezoidal section 12 ft. by 
6 ft. by 4 ft., breaking out, and 
carrying the excavation down- 
wards at the full diameter of 
35 ft. 6 in. minimum, the debris 
being dropped through the 
stope. A shut-off gate at the 
bottom of the stope (Fig. 10) 
regulated the discharge of 
debris to skips. To place the 
concrete lining a continuously 
moving shutter was employed, 
carried on jack rods supported, 
and located by tie rods secured 
to the sides of the excavation. 
Suspension from the surface 
was not feasible as the surface 
rock was badly weathered, but 
the method adopted proved 
perfectly satisfactory. Fig. 11 
is a view of the jack rods being 
placed in position. The con- 
crete was mixed at the station 
outside the adit, brought in by 
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skips, and transferred to a spouted hopper which was 
lifted to position by a derrick, as seen in Fig. 12. The 
placing hopper was fitted with a vibrator to facilitate 
the flow of the concrete. The completed shaft is illus- 
trated in Fig. 13. The top 40 ft. of the shaft was built 
of precast hollow concrete blocks, as seen in Fig. 14; 
reinforcing rods were threaded both vertically and 
circumferentially through the cavities in the blocks, 
which were then filled with concrete. A deer fence 
was set into the top blocks. 


Connection with the loch 

Having regard to the unusual method of connecting 
the tunnel to the loch, the consulting engineers decided 
that this operation should proceed independently of 
work on the tunnel itself, and in advance of it. For 
this reason it was decided to employ two shafts and 
to leave a 60 ft. length of rock between them, enabling 
work to proceed on the tunnel from the downstream 
shaft while the connection to the loch was made in- 
dependently through the upstream shaft. This would 
also lead to a convenient permanent arrangement, for 
the upstream shaft could accommodate the gates and 
the downstream shaft the screens. 

A beginning was made with the screen shaft in 
October, 1947, but for various reasons work was not 
commenced on the gate shaft until February, 1948, 
and was further delayed by difficulties encountered 
with the rock, so that in the ultimate event the tunnel 
outstripped the connection to the loch. Unfortunately, 
too, the access to the loch workings provided by the 
gate shaft was very restricted as this shaft was divided 
by a central concrete partition, one side providing 
permanent iadder access and the other forming the 
working chamber for the gates. Thus all materials 
and supplies had to be lowered, and muck raised, 
through a shaft compartment of only about 12 ft. by 
6 ft. in the clear which in turn limited the equipment 
that could be used in driving the tunnel. 


Fig. 11. Looking up the surge shaft, showing the climbing shutter completed 
and fixing of jacking rods proceeding 
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In consequence, the contrac- 
tors requested permission from 
the consulting engineers to re- 
move the rock plug between 
the two shafts so that loco- 
motives, skips and materials 
could be taken through from 
the main tunnel. This, of 
course, introduced the risk that 
any inundation of the workings 
under the loch might affect the 
main tunnel, and that when the 
final connection to the loch was 
made, a failure to control the 
waters might give them a clear 
run through the tunnel and 
lead to a major disaster. The 
consulting engineers therefore 
stipulated that two concrete 
plugs should be inserted in the 
section of tunnel connecting the 
two shafts, as indicated in Fig. 
15. The first plug was 12 ft. 
6 in. thick, this dimension 
having been determined as 
being adequate to stand an 
estimated instantaneous blast 
pressure of about 120 tons per 
sq. ft. or a total of 10,000 tons 
at the time of the final blow- 
through. Pressure - recording 
devices placed in the tunnel at the plug confirmed 
that the estimated pressure was not far out. The 
second plug was 36 ft. back from the first, was 6 ft. 
6 in. thick, and was intended as a safeguard should 
the first plug fail. The second plug was thinner as it 
would only have to resist water pressure without blast. 
To permit locomotive traffic to pass through the plugs, 
6 ft. by 5 ft. 3 in. openings were left through which 
a2 ft. rail track was laid. Hinged doors built of 12 in. 


Fig. 12. Placing concrete behind the climbing shutter 
in the surge shaft 
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Fig. 13. A view down the completed surge shaft 


by 12 in. timber (Fig. 16) were fitted to the openings, 
and were closed whenever blasting was carried out 
in the forward end of the tunnel. For the final blow- 
through these openings were concreted up and as a 
final precaution a temporary steel bulkhead was 
placed across the tunnel at the screen shaft. 

Between the gate shaft and the loch the tunnel is 
of 11 ft. equivalent diameter, so it was not feasible 
to use the steel shuttering employed for the main 
portion of the tunnel, and purpose-made wooden 
shuttering was therefore used. Concreting was greatly 
facilitated by erecting a mixing station close to the 
top of the gate shaft and pumping the concrete down 
the shaft to the working place—not an easy operation 
but one that was accomplished successfully. As it was 
desired to strengthen the tunnel against the shock of 
the final blow-through, 10 in. by 6 in. rolled steel 
arches were set at 5 ft. centres and concreted into the 
lining which was 22 in. thick for this part of the 
tunnel. 

In the early stages of the project a careful series 
of soundings had been carried out in the loch to deter- 
mine the most suitable junction point for the tunnel. 
It had been decided to fix the level of this junction at 
about 80 ft. below the natural water surface (822 ft. 
above ordnance datum), allowing for a projected 
drawdown of about 60 ft., and a point was sought 
where the slope of the loch bed was as steep as 
possible so that the bulk of the debris formed by the 
blow-through would fall outside the tunnel. Unfor- 
tunately such a favourable condition did not obtain, 
and, as will be described in a moment, a sump had 
to be provided at the end of the tunnel to accommo- 
date the debris. 

Borings round the spot finally chosen revealed that 
the bed was overlain by about 5 ft. of gravel, and it 
was necessary to remove this overburden so as to 
minimise the amount of material falling into the sump 
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Fig. 14. Top of surge shaft completed except for the deer fence 


at the time of the blow-through and to prevent 
material being washed into the tunnel when the station 
was in operation. For this purpose a 2 cu. yard drag- 
line excavator was employed, but as the radius of 
action required was much greater than could be 
covered by such a machine, the bucket was hauled 
out to position by a winch mounted on a barge, as 
seen in our titleblock. By adjusting the moorings of 
the barge as required, the whole area was scraped 
methodically. 

To accommodate the debris from the blow-through 
it was decided to make the sump large enough to take 
twice the estimated amount of material. This involved 
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the removal of an extra 800 
cu. yard of rock, leaving an 
excavation 17 ft. wide by 45 ft. 
deep from the tunnel roof. The 
tunnel lining was terminated 
115 ft. back from the proposed 
inlet, and a semi-circular pilot 
heading, 9 ft. high by 18 ft. 
wide, was carried forward, dip- 
down at the end to leave a 
minimum rock thickness of 25 
ft. between the tunnel and the 
loch bed. The floor of this 
heading was then taken out to 
form the sump, which was 
shaped as shown in Fig. 15, the 
spoil being pulled up to tunnel 
level by a Holman mucking 
scraper, transferred to trucks, 
and taken to the surface by a 
specially designed skip working 
in the gate shaft. Fig. 18 is a 
view of the completed sump. 
To prevent any debris being 
washed into the tunnel a 6 ft. 
step was cut at the end of the 
invert, the lining being carried 
forward 19 ft. beyond, and the end lipped back firmly 
into the rock wall to prevent pressure building up 
behind the lining during the final blast. During the 
whole of these operations—and indeed right up to the 
blow-through — the workings remained remarkably 
dry. 

It now remained to prepare for the break-through 
into the loch, and for this purpose it was decided to 
carry a 15 ft. diameter hole diagonally upwards a 
distance of 10 ft. towards the loch, leaving a rock 
plug 15 ft. thick to be removed by the final blast. This 
would normally have involved building a 35 ft. high 
scaffolding in the sump, and to avoid this the con- 


Fig. 15. Section through gate and screen shafts 
showing method of connection to the loch 
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tractors conceived the idea of flooding the sump and 
mounting the drills on a raft built of oil drums, the 
raft being secured to the rock walls to afford the 
necessary rigidity for drilling. A floating gangway 
100 ft. long (Fig. 19) connected the raft to the tunnel. 

Five pilot holes were first drilled into the rock plug, 
three being taken right through to the loch to test the 
accuracy of the sounding, and then closed by beech- 
wod plugs. Light shots were then used to remove the 
10 ft. of rock in easy stages until the final 15 ft. 
remained. 

The actual loading and firing for the blow-through 
was carried out by the Explosives Division of Im- 
perial Chemical Industries Limited. The drilling 
pattern consisted of 102 holes taken to within 1 ft. 
6 in. of the loch bed. Owing to the soundness of the 
rock this presented little difficulty, and only one hole 
tapped any quantity of water and two others were wet. 
Nine holes in the centre were drilled for a burn cut 
and were surrounded by a ring of holes having a slight 
wedge action. The remainder of the face was drilled 
with holes at 1 ft. 6 in. centres. 

Of these holes 96 were loaded with a total of 2,112 
lb. of Polar blasting gelignite, corresponding to a net 
loading of 20 lb. of explosive per cubic yard of the 
net volume of rock in the plug, four holes in the burn 
cut and two wet holes being left blank. Detonators 
were inserted in the first and last cartridges of each 
charge, and the face was divided into five sectors, 
each being detonated by a separate initiator consisting 
of 17 Ib. of T.N.T. enclosed in a cylinder. The charges 
in the face were connected to their respective initiators 
by cordtex leads, and the initiators were themselves 
interconnected with cordtex to ensure simultaneous 
firing. Two pairs of electrical firing leads were taken 
down the gate shaft to separate junction boxes, from 
each of which a pair of leads ran to a detonator in 
each initiator. To avoid any risk of cut-off or misfires 
no time delays were introduced. Part of the loaded 
face is seen in Fig. 17. 


Fig. 17. One half of the Fig. 18. General view of the intake sump 


loaded face before flooding 
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Fig. 16. Upstream view of major temporary concrete 
plug, showing door of 12 x 12 in. timber giving 
access to the main tunnel 


The question whether to fire the round with the 
workings dry or flooded was carefully considered, 
and hydraulic model experiments were carried out 
to check the upsurge in the gate shaft-for a dry blow. 
Finally it was agreed between the consultants and the 
explosives experts to flood the workings, leaving a 
negative head of 12 ft. in the gate shaft. 

The blow-through was actually fired by Lady 
MacColi, wife of the late Deputy Chairman of the 
North of Scotland Hydro-Electric Board, at a cere- 
mony which took place on September 7, 1950. The 
resulting surge in the gate shaft carried the water just 
out of the shaft, showing that the negative head of 
12 ft. had been pretty accurately estimated, and the 
surging continued for about half an hour. Soundings 
were subsequently taken of the 
intake, showing that events had 
conformed closely to what had 
been intended. 

To avoid possible damage 
due to the explosion, the per- 
manent gates had not been 
fitted, although the guides had 
been concreted in position. A 
temporary steel bulkhead was 
therefore lowered by crane into 
the guide for the emergency 
gate, and the space between 
this bulkhead and the first con- 
crete plug pumped out. The 
plug was found to be un- 
damaged. It was not possible 
to remove the plugs by ex- 
plosives as their use might 
have damaged finished work, 
so the plugs were cut “hot 
cross bun fashion ” by a Siskol 
cutting machine, and the con- 
crete was then broken out by 
plug and feather methods. 

Subsequently the gate and 
screen shafts were equipped 
with the permanent Glenfield 
& Kennedy gate control and 
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Fig. 19. View across sump from end of tunnel lining showing raft giving 


access to the rock plug 


screen equipment. In the gate shaft a 10 ft. x 11 ft. 
free-roller control gate and a 10 ft. x 11 ft. free-rolling 
tube-type emergency gate were fitted, each being 
electrically operated and the control gate counter- 
balanced. The screens consisted of a 12 ft. 104 in. 
7 ft. coarse debris screen followed by a 12 ft. 104 in. 
14 ft. fine screen fitted with trash trays and 
electrically operated lifting gear. 


Pipeline _ 

The steel pipeline between 
the tunnel portal and Grudie 
Bridge generating station (Fig. 
20) is about 1,600 ft. long and 
was constructed by Mechans 
Limited. The erection was 
carried out by their subcon- 
tractors, Messrs. John Drysdale. 
From the portal a horizontal 
section, 100 ft. long and taper- 
ing from 9 ft. to 8 ft. in 
diameter, leads to an 8 ft. 
Glenfield & Kennedy portal 
valve. This is of the balanced- 
disc type, fitted with two 21 
in. anti-vacuum valves. It is 
remote controlled from the 
generating station but is auto- 
matically self closing in an 
emergency. From this valve 
the pipeline is reduced pro- 
gressively to 7 ft. 6 in. in 
diameter as it comes down the 
slope, and at the bottom it bi- 
furcates into two 5 ft. 6 in. 
pipes serving the two turbines. 

The pipeline is provided 
with six concrete anchor blocks 
and supported intermediately 
on concrete stools constructed 
by John Bisset & Sons Limited 
under the power station con- 
tract. The top and bottom 
sections are encased in concrete. An expansion joint 
is introduced into the line immediately below each 
anchor block. The actual pipeline was built up of 
23 ft. 9 in. strakes conforming to the 47 ft. 6 in. spac- 
ing of the supporting stools. The pipes were machine 
welded and stress relieved in the shops. On site the 
lengths were connected by butt rivet joints, the ends 
of the cover straps sections being joined by welding. 


Fig. 20. The pipeline leading from the tunnel to Grudie Bridge power station 
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This was the only welding carried out on site. After 
erection the pipeline was painted internally and ex- 
ternally with a cold bitumastic paint supplied by 
Robert Bowran & Co. Ltd. Four coats were applied 
to the inside and three to the outside, the external 
finish being khaki green. 


Sir Alexander Gibb & Partners acted as consulting 
engineers for the whole of the civil-engineering work 
for the Fannich scheme, and the tunnel was con- 
structed by Balfour, Beatty & Co. Ltd. 

The Grudie Bridge generating station and electrical 
dispositions will be described in a subsequent article. 
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Book Reviews 
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Les Stations Hydrometriques Francaises— 
Duexieme Partie: Region du Massif Central 


Société Hydrotechnique de France, 199 Rue de 
Grenelle, Paris VII. 90 pp. Price 500 fr. excluding 
postage. 

This is the second of three publications giving 
details of the hydrological stations of France. The 
first volume, published in 1950, dealt with the 
Alps, and the third, to appear in 1952, will cover 
the Pyrenees. The Société Hydrotechnique de France 
is responsible for the publication of the Annuaire 
Hydrologique de France, and the Society’s purpose 
in publishing these volumes is to relieve the Yearbook 
of semi-permanent data. This will have the double 
advantage of rendering the Yearbook more digestible 
and of collecting the permanent data in a permanent 
form. The publication under review commences with 
a general map of the Massif Central showing the 
location of each measuring station, power station and 
reservoir, after which each station is taken in detail; 
in each case there are given the topographical and 
geological data, characteristics and particulars of the 
station, together with a map of the catchment area, 
a longitudinal profile, a hypsometric curve, and a table 
of monthly and annual average flows for all years 
up to 1949 for which measurements have been taken. 
The volume concludes with a brief assessment of the 
characteristics of the area as a whole. 


Hydraulic und Wasserbau auf neuen 


Grundlagen. (“H ydraulics and Water Engineer- 
ing on new bases’’), by A. Schafer, published by 
Franckhsche Verlagshandlung, Stuttgart, 12 in. by 
8.2 in., X1I—187 pp., 400 ff., 100 practical examples. 
Price 35.00 DM. 

The 45 short-chapters of this volume constitute a 
genuine compendium of hydraulics and water en- 
gineering. Theory and practice are combined here_ in 
a very lucid manner, and there is hardly any aspect 
of the subject which is not supported by useful, sim- 
plified formulae, not to mention an uncommonly 
large number of diagrams. In addition, practical 
problems with their detailed solutions are to be found 
in almost every chapter; in other words, this is a 
book which will prove as valuable to the advanced 
student as to the practical water engineer. 

Proceeding from the fundamental notions of 
physics, and flow under all conditions obtaining in 
Practice, the book deals with all matters connected 
with hydraulics and the various practical sides of 
Water engineering, inclusive of canals and locks, 
Model tests, and even rust prevention. The chapters 
on “ Water level under unstable flow conditions ” (14), 

The principles of the theory of water turbines” 
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(19), “ Pipe conduits without surge chambers” (22), 
just to mention a few, especially deserve to be singled 
out. The hydro-electric engineer will be especially 
interested in chapter 34:—‘“ Flow with the lowest 
energy consumption, and practical conclusions,” in 
which the author considers the submersible power 
plant, in which the alternator is coupled direct to the 
conduit-type runner of the turbine, as the ideal solu- 
tion, since the axis of the turbine is in the normal 
line of flow, thus avoiding the losses occurring in 
spiral-casing units. 

The many line and few photographic illustrations 
are excellent and will prove very helpful to the Eng- 
lish reader not too familiar with German terminology. 


Electric Power Stations Vol. 11, Third Edition. 

By T. H. Carr. Published by Chapman & Hall 
Limited, 37 Essex Street, London. 1951. 821 pp. 
(including index). 624 ff. Price 75s. net. 

This book is necessarily complementary to Vol. I 
which deals with the fundamentals of power-station 
design, including all the civil and mechanical engineer- 
ing aspects of the building work, boiler plant, turbines 
and so on. The present volume begins with the con- 
densing plant and feed water arrangements and pro- 
ceeds to discuss the alternators and other components 
of an electrical nature, viz. transformer cables, switch- 
gear. A chapter is devoted to lubrication, and others 
deal respectively with station auxiliaries, station 
lighting, commissioning and testing of plant, organisa- 
tion, costs and firefighting. There is also a lengthy 
chapter on hydro-electric plants in which the author 
shows a thorough grasp of a multiplicity of factors 
which govern the design and layout of a hydro-electric 
power scheme. Indeed, in the 138 pages at his disposal 
he gives an introduction to this subject which could 
hardly be bettered. Our one criticism is that the 
actual setting down of the material appears in places 
to be somewhat haphazard, and results in needless 
repetition of certain points. 

The remaining chapters of the book are devoted 
to diesel electric plants and gas-turbine plants, the last 
of all giving a summary of the position of wind, 
atomic and other power plants. 

This book is a competent production in every 
respect; the author has an eye for .fundamentals, 
develops all his reasoning from first principles and 
writes with great clarity. A foreword by the late Sir 
Leonard Pearce admirably sums up the raison d’étre 
of this comprehensive work: “So great have been the 
advances in the many branches of engineering in- 
volved in the construction of electric power stations, 
that there has been a great tendency for individual 
engineers to specialise in a particular branch, but one 
important attribute of a good engineer is to have a 
breadth of view, and the present book will, I am sure, 
be of great assistance in enabling specialists to main- 
tain contact with branches of engineering other than 
their own.” 
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Meader Pump for Semi-Solids 


In many industries the problem arises of pumping 
materials of a semi-solid consistency, such as clays, 
pulps, muds, slurries, silt, cement, washery fines and 
industrial wastes. Materials of this character are 
amenable to pumping once they have entered the 
pump, but to induce them to enter is a most difficult 
problem. The consistency we are considering is too 

















thick to admit of the material being pumped by centri- 
fugal means or of passing through the valves of a 
normal reciprocating pump. 

In the Meader pump, for which the sole manu- 
facturing rights for the United Kingdom have been 
acquired by Henry Balfour & Co. Ltd., Leven, Fife, 
the problem has been neatly resolved by placing the 
pump cylinder round the material instead of intro- 
ducing the material into the cylinder. This possibly 
cryptic explanation may be clarified by referring to 
Figs. 1—3, which show diagrammatically the con- 
struction of the pump and the three stages in the 
operating cycle. The material to be handled is dropped 
into a hopper a at one end of which is a discharge 
piece b leading to the delivery pipe, and at the other 


Fig. 6. A single-cylinder Meader pump 


end is a hydraulic cylinder c containing a cutting 
cylinder d and a piston e. When the hopper has been 
charged, water under pressure is introduced at f, 
driving the cutting cylinder d through the material 
until it seals itself against a seating g as shown in 
Fig. 2. By this action the cutting cylinder has en- 
closed a core of material, and in the next stage water 
is introduced through h, driving piston e across to the 
position shown in Fig. 3 and forcing the core of 








NS 
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FIG. 5 


material through the discharge piece b into the de- 
livery pipe. Finally water is introduced through i to 
return the assembly to the position shown in Fig. 1, 
upon which the material in the hopper slides down 
into the vacant space—a movement facilitated by the 
shape of the hopper as shown in Fig. 4. 

Hydraulic power is provided by a multi-stage 
centrifugal pump driven by electric motor or any other 
convenient means. Alternatively the pump can be 
designed to operate with steam or compressed air. 

An automatic valvegear is normally supplied to 
control the sequence of operations, and in such cases 
an extension rod, j in Fig. 5, is provided to operate the 
valvegear in accordance with the movement of 


piston e. 
i | 
Hi} 





Fig. 7. A discharge of bauxite resid 
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With the pump as described, the pumping stroke 
occupies one-third of the operating time; if, therefore, 
a continuous delivery is required a triple-cylinder unit 
can be supplied. 

A view of a single-cylinder unit is given in Fig. 6, 
and in Fig. 7 is shown the discharge of a bauxite 
residue of only 30—40 per cent. water content. This 
material was pumped on a test through 200 ft. of 
5 in. piping containing five short right-angled bends. 

The Meader pump should greatly extend the scope 
of pumping semi-solid materials, for it is claimed that 
any material capable of being extruded at normal 
temperatures can be handled. 

In the hydro-electric field it should prove a con- 
venient means of pumping silt, removing clay or other 
soft material encountered in tunnelling and excavat- 
ing, and in pumping concrete containing aggregate up 
to, say, 4 in. 

It is claimed that maintenance should be light be- 
cause the pump operates comparatively slowly and 
there are no valves in contact with the material being 
pumped. Unless a self-setting material such as cement 
is being handled, the delivery line can be left charged 
when the pump is shut down. 

The range of pump sizes now under consideration 
is from 5 to 100 tons per hour, but units of larger 
capacities could be designed. 


Miniature Power Plant 


On a recent visit to Kendal we were shown the 
interesting little hydro-electric plant featured in the 
accompanying illustration. It consists of a “ Turgo” 
impulse wheel manufactured by Gilbert Gilkes & 
Gordon Limited, direct-coupled to a 50-cycle alter- 
nator, the speed being controlled with admirable 
accuracy and promptitude by a shaft governor. The 
set is contrived to operate under an artificial head of 
90 ft. and develops up to 9 h.p., the tail water being 
arranged to flow over a measuring weir in front of 
the foundation block. What is particularly interesting 
is that the upper part of the turbine casing and the 
end of the governor housing are constructed in 


A “Turgo”’ miniature power plant 
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Perspex so that the moving parts are open to view. 
A miniature switchboard indicates the load distribu- 
tion, voltage regulation, frequency, etc., so that an 
excellent impression is obtained of the effectiveness 
of the governing system as varying loads are thrown 
on and off. This set was exhibited at the Engineering, 
Marine and Welding Exhibition, Olympia. 


Automatic Battery Lighting 


Our illustration shows an automatic changeover 
and charging gear for the provision of lighting from 
accumulators in an emergency, as manufactured by 
Oldham & Son Limited, of Denton. Two principal 
types are in production, viz., Series I for small 
cinemas, banks, hospital operating theatres, etc., and 
Series [I for larger buildings, including factories and 
power stations. 

The larger equipment has a floor mounting venti- 
lated cubicle as shown in the accompanying illustra- 
tion. The emergency lighting circuit and the supply 
for recharging the battery through metal rectifiers is 
obtained from a double-wound transformer, the 
primary winding of which is suitable for a single- 
phase supply. Two secondary windings are provided. 
One winding supplies the normal low-voltage a.c. 


ldham automatic battery lighting unit 


lighting circuit; the other winding provides the supply 
to full-wave metal rectifiers for charging the battery 
at its normal rate, and also for the continuous trickle- 
charging of the battery. Appropriate tappings are pro- 
vided on the secondary winding of the transformer to 
enable the charging rate to be controlled by a multi- 
contact rotary switch. 

Moving-coil edgwise instruments are fitted for the 
measurement and control of the charging and trickle- 
charging currents, viz., one 0O—150 V voltmeter, and 
one 0—150 mA ammeter. The mains supply to the 
equipment is controlled by a combined switch-fuse 
unit, and is fitted with an indicator bulb for “ cubicle- 
alive” indication. Additional fuses are provided for 
protection of lighting circuits on a.c. and battery sup- 
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plies. A manual reset relay gives a permanent visual 
indication that an emergency changeover has taken 
place, the indication remaining until such time as the 
relay is manually reset, but independent of a further 
functioning of the equipment. Additional terminals 
are provided to enable a further visual alarm signal 
to be installed at any convenient point remote from 
the apparatus. 

The instantaneous changeover from a.c. to battery 
operation of the emergency lighting is effected by a 
solenoid-operated three-pole contactor, complying 
with Revised B.S.I. Specification No. 764. 


Blaw Knox BK-120 Scraper 


In the BK-120 15 cu. yard scraper, illustrated here- 
with, Blaw Knox Limited claim to have produced 
the first scraper of entirely British design to incor- 
porate streamlined open-top construction. The scraper 
is light in weight and therefore releases maximum 
tractor power for loading and hauling. The three-piece 
reversible self-sharpening blade is of high-duty alloy 
steel and designed to promote efficient “boiling” of 
the spoil, which assures heaped-capacity loading of 
the bowl in the minimum loading time. The design 
of the yoke and its attachment to the rear axle con- 


ejection actuating arm giving a central thrust to the 
rear of the tailgate designed to ensure smooth trouble- 
free operation and eliminates wear caused by side 
thrusts. 

The machine is claimed to possess outstanding 
stability over the most difficult terrain due to its very 
low centre of gravity. 

Arrangements have been concluded whereby the 
BK-120 scraper will be manufactured in France under 
licence by Acieries du Nord, 223, Rue St. Honore (ler) 
Paris, who are the manufacturers of “ADN ” tractors. 


Huwood Dust Extractor 


The accompanying illustrations show a dry dust 
extractor recently introduced by Hugh Wood & Co. 
Ltd., Gateshead-on-Tyne. The advantages of trapping 
the dust from a hammer drill without involving draw- 
backs associated with the use of water underground 
have long been recognised, and in introducing this 
device the manufacturers feel that a simple and 
efficient method has been evolved. 

A metal sleeve, through which the drill rod operates, 
is fitted to the drilling machine and is connected by 
hose to a suction tank, which as indicated in the illus- 
tration is stationed at some convenient spot near the 


The Blaw Knox BK-120 15 cu. yard scraper in action 


centrates maximum weight qn the cutting edge. The 
side lift of the bowl permits an unobstructed view of 
the cutting edge in all positions as well as a full view 
of loading. A grille prevents the load boiling over the 
top of the tailgate. The BK-120 scraper is designed 
to withstand the stresses imposed by pusher loading 
when this method of operation is desirable. The height 
of the pusher block and the positioning of the thrust 
tube ensures that the full pusher tractor effort is 
transmitted direct to the cutting edge. Open-top con- 
struction permits overhead loading to be undertaken 
when required. 

Positive ejection of the spoil is assured by a patented 


395 


drilling face. A leathern cup is fitted around the out- 
side of the sleeve and during the initial stages of 
drilling it is in close contact with the rock face to 
collect the first drillings; when the hole is a few inches 
deep the metal sleeve wedges in it, thus dispensing 
with the need for the leathern cup. 

In the suction tank compressed air is admitted from 
the power line and discharged through the ejector m 
the cone shown in the diagram. In the reservoir 4 
drop in pressure is thus caused and this extends 
through the hose to the hole being drilled. 

Drillings are then sucked through the metal sleeve 
and along the hose to fall into the reservoir. Those 
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dust extractor 


particles that are small enough to pass through the 
filter cloth are carried by the air leaving the tank and 
are trapped in grease that is smeared on escape baffles 


in the top of the tank. 

For convenience in main- 
tenance, spare ejectors are 
carried in the tank, as indi- 
cated in the diagram. After 
being in service for some time, 
the filler may become covered 
with a layer of dust which re- 
duces efficiency. The filter bag 
may be cleared, however, by 
turning the key on the air-inlet 
cock to admit live air through 
the vent pipes. This air shakes 
the filter and the dust clinging 
to it falls to the bottom of the 
feservoir. To permit easy 
emptying as required, the lid 
of the tank is secured by snap- 
action fasteners. 


Assisted Sketching 


Engineers often have occa- 
sion to make sketches for the 
explanation or discussion of 
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technical points or for the in- 
struction of others. Although 
they may be competent 
draughtsmen there is seldom 
either the time or the necessity 
to prepare a finished drawing 
for such purposes and it is not 
everyone who can draw even 
a single straight line freehand, 
much less keep rough sketches 
in proper projection or per- 
spective. Our attention has re- 
cently been drawn to a simple 
and inexpensive template de- 
vice which should be of great 
assistance in such cases and 
which indeed is capable of 
reasonably high-accuracy work 
if time permits; its outstanding 
feature, however, is the ease 
and speed with which it can be 
used to produce line sketches 
that are tidy and, if need be, 
to scale without the need of a 
full drawing board kit. 

The device, which is called 
“ Quickdraw,” consists of a 
stout card backpiece with bot- 
tom corner pieces to position 
drawing sheets, a simple Per- 
spex pantograph and a Perspex 
template. Considerable thought 
has gone to the design of the 
template, which provides not 
only for horizontals and verti- 
cals, but also for all usual 
angles, a range of sizes of 
circles and a set of holes for a 
pencil point whereby, with the 


aid only of a ruler, hatching can be neatly and 
quickly undertaken. Only a little familiarity with the 
“feel” of the device is necessary to secure some 
speed in its use and we can vouch by trial that it is 


The “ Quickdraw” sketching device 





very practical, easily portable and likely to be very 
useful. The inner vertical guides of the template carry 
inch and centimetre scales and the lower guide is 
scaled in inches. Paper up to 13 in. by 10 in. in size 
can be used and, in that size, hardly needs any other 
fixing than the corner pockets; using one of the latter 
and a single drawing pin is adequate for most smaller 
sizes of paper. The whole device, with a stout cover 
in portfolio form, costs 63s. and is obtainable from 
The “Quickdraw” Company, 127 Gunnersbury Lane, 
London, W.3. We would not suggest that, for finished 
accurate drawings, it should be employed to super- 
sede large drawing-office equipment, but for office or 
site use in the preparation of clear sketches by busy 
executives it offers many advantages. And, we suggest, 
it will help recipients of sketches to the better appre- 
ciation of what they are intended to convey, by the 
neatness and rectangularity of the sketches compared 
with hurried freehand. 


Wet Drilling Attachment 


The Victor water-feed attachment illustrated here- 
with can be screwed on to any Victor drill in place 
of the machine chuck. 

When wet drilling is demanded to avoid the dangers 
of pneumoconiosis and other kindred diseases, Victor 
rotary drills with the water feed attached are claimed 


to have given extremely satisfactory results. For satis- 
factory performance the manufacturers recommend 
that the water pressure should be less than 20 Ib. 
per sq. in. and the approximate water consumption 
10 gallons per hour. For the removal of cuttings when 


The Victor wet-drilling attachment 


drilling long horizontal holes or drilling vertically 
downwards, they further recommend that the water 
pressure should be 40 Ib. per sq. in. and the approxi- 
mate water consumption should be 30 gal. per hour. 
The maximum water pressure in any application 
of Victor rotary drills fitted with the water-feed 
attachment should not exceed 60 Ib. per sq. in. 





Abstracts from the 
World Technical Press 


Schluchsee Development 

The idea of harnessing the water resources of the 
Bavarian Schluchsee district to power generation 
arose, about 40 years ago, out of the uncommonly 
favourable situation of the Schluchsee, that is, 600 m. 
above the Rhine at Waldshut. Owing to the relatively 
restricted catchment area of the lake itself it was 
decided at the very outset to include all neighbouring 
streams between the Wutach and Murg in the project. 
The results of the competition patronised in 1921/22 
by the concessionnaires of this project, the Badenwerk 
concern in Karlsruhe, led to a three-stage develop- 
ment and, after several years of preparatory studies, 
work on the upper stage began in the spring of 1929. 
A dam at the outlet of the Schluchsee into the 
Schwarza raised the level of the lake 29 metres, thus 
creating a storage capacity of 108 million cu. metres. 
A 4°10 metres dia. tunnel, 6:2 km. in length, connects 
downstream from the surge tank with two penstocks 
3 metres dia. at the top, and 2-5 metres at the bottom. 
The wider valley near Schwarzabruck affords enough 
room for the power house and ancillary buildings at 
Hiusern, as well as for the Schwarza storage used as 
a compensating reservoir between the tail water of the 
plant and the requirements of the intermediate stage; 
is also serves as a collecting reservoir for the pumps. 
The Hausern equipment consists of four 32,000 kVA 
vertical-shaft sets. 

Pending the construction of the intermediate stage 
at Witznau a temporary plant was set up 3 km. down- 
stream from the Schwarza reservoir; this plant, fitted 
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with two horizontal-shaft sets generating together 
35,000 kVA, fully justified the expenditure involved 
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by producing in 10 years of operation 310 M kWh of 
winter day-time energy. 

Owing to the economic difficulties which set in 
towards the completion of the Hausern plant, put into 
service in 1933, work on the intermediate stage began 
as late as 1938, starting with the weekly storage 
reservoir in the Alb valley below St. Blasien and the 
tunnel from the Alb to the Schwarza reservoir; a year 
later work began on the Witznau power house, and 
the Mettma auxiliary reservoir which, together with 
the reservoir below Hausern ensures the running of 
the Witznau plant. While the flood-proof Hiausern 
power house rests on the floor of the valley, the 
Witznau plant is incorporated in the dam. In contrast 
to the usual type of dam power houses, water at Witz- 
nau does not flow from the reservoir through the 
turbines into the tail-race; instead, the distribution 
pipes are located in an outbuilding on the downstream 
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side of the power house, and the four turbines are 
connected with the upstream reservoir by suction 
pipes led through the dam. Owing to the war, the first 
of the four 55,000 kVA vertical-shaft sets was put 
into service as late as October, 1943, the second set 
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following in March, the third in November, 1944, and 
the fourth not earlier than in March, 1950; similar 
delays were experienced with the delivery of the 
pumps. 

Because of the war, initial work on the lower stage 
at Waldshut had to be postponed till September, 1942. 
The 6 metre dia. tunnel from Witznau to the Rhine 
Valley has a length of 9-46 km. and connects at its 
lower-end with two 4 metre dia. penstocks. Contrarily 
to the design adopted at Hausern and Witznau, the 
four 44,000 kVA sets at Waldshut are of the hori- 
zontal-shaft type. 

All the dams of this development scheme, Witznau 
included, are gravity structures; the accompanying 
table gives the main measurements cf the three major 
dams:— 





| Schluchsee Hausern Witznau 
Height above! 
foundation level, m. 63 45 49 
Volume of concrete, 

cu.m.| 120,000 43,000 63,000 
(including 
power house) 

Length of crest, m. 250 160 116 
Width of crest, m. 3-70 3-70 | (6°20) 
Number of spillways} 4 2 | 3 
Spillway measure- 
ments . -mm.| 5-00/2:50 | 4:50/2:70 | 5-00/3-25 


The main characteristics of the surge tanks are 
shown in Fig. 3; their measurements have been deter- 
mined according to the calculation method of the 
Swedish expert, F. Vogt. The Hausern and Witznau 
tanks are both of the top expansion-chamber type; 
the Hiausern tank has also a bottom expansion cham- 
ber formed by two circular galleries 200 metres in 
aggregate length branched on either side of the shaft 
and leading back to the penstocks at a distance of 
70 metres. This unusual layout was selected because, 
in the case of large drawdowns in the Schluchsee, the 
volume of water in the shaft is too small to actuate 
the turbines pending the development of an adequate 
velocity in the 6 km. long tunnel. The Waldshut surge 
shaft is particularly remarkable owing to its un- 
common height which is about the same as that of 
the steeple of the Ulm Minster, viz. 525 ft.; this tank 
is connected with the tunnel by an armoured vertical 
pipe 6 metres in dia. and 14-4 metres in length. 

The penstocks and distribut- 





Glacier Exploration in Depth by the 
Seismic Method 

The seismic method of glacier exploration in depth 
is briefly described as follows: by means of expiosions 
on the upper surface of the glacier perturbations are 
brought about which spread in all directions in the 
form of elastic waves. These waves are either direct 
(developing on the surface of the ice), reflected (travel- 
ling through the ice and reflected by the bedrock), or 
refracted (reaching the boundary surface ice-bed rock, 
and progressing along that surface). Fig. | shows 
(above) the travel of the waves in the simple case of a 
layer of ice having its upper surface parallel to the bed 
rock, while their hodographs are shown below. Waves 
reflected off the bedrock are detected by seismometers 
at the surface within a time which is proportionate 
to the distance they must cover inside the ice layer, 
their velocity being ascertained from their rate of 
propagation at the upper surface. Triangulation in 
space enables the position of the reflecting spots of 
the bedrock and, thence, the thickness of the glacier, 
to be determined. 

To be really effective the application of this method 
requires certain precautions to be observed, such as 
the most favourable distances of the seismometers 
from the site of the explosions, and the grouping of the 
seismometers. Generally speaking it may be said that 
the accuracy of the results increases with the regularity 
of the bed rock; the method can, however, only be 
effectively applied in glaciers exceeding in thickness 
a certain limit (50 to 100 metres) which appears to 
correspond to non-homogeneous glaciation. The old- 
type portable seismograph used in the first investiga- 
tions was replaced in 1949 by up-to-date equipment 
including Century-Tulsa electric seismometers with 
electronic amplification, giving much more accurate 
results. 

This paper concludes with a few examples of prac- 
tical application of the seismic method of glacier 
exploration on the Gorner and Mont-Collon glaciers 
in Switzerland, as well as on the “Mer de Glace”; 
these examples give an idea of the accuracy of the 
results obtained, subsequently checked by means of 
borings. An interesting aspect of these investigations 
was the discovery of layers of fossil ice protected by 
alluvium or by moraine bands. (A. Susstrunk, La 
Houille Blanche, special issue A, May 1951, p. 309, 
10 pp., 10 ff.) 
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Fig. 1. Seismic method of glacier exploration 
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A:view of the rapids 
after completion of the 
new dam 


The Harsprang Power 
Station is situated north 
of the Arctic Circle and 
is owned by the Royal 
Swedish’ Board of 
Waterfalls. 

Output 133,400 HP 

Head 105 metres 
Speed 167 r.p.m. 
Water Quantity 
107 cub.m/sec. 

The runner for one of 
the Harsprang Francis 
turbines. Each runner is 
of stainless steel cast in 
one piece by Domnarf- 
vet Steel Works, 
Sweden, and has a net 
weight of 35,000 Kilos. 


AKTIEBOLAGET KARLSTADS MEKANISKA WERKSTAD 


KARLSTAD, SWEDEN 
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The first of 6,000 feet of 48” bore, 
3’ thick water pipe left Bolton for 


the new ESSO Refinery at Fawley 


.-- SIXTY LOADS AGO... 


Since then ESSO have made a repeat order 
for 5,000 feet of 60” bore. Each of these 
pipes is tested to 170 Ib. P.S.I. and complies 
to A.W.W.A. specification. 


ROBERT WATSON 


Specialists in welded or 
riveted steel structures 


ROBERT WATSON & CO. (Constructional Engineers) LTD. BOLTON, LANCS. Telephone: Bolton 5125 (4 lines). Telegrams : Stee!work, Bolton 


Bristol Office: Filton, Nr. Bristol. Telephone : Filton 236! London Office : 2, 3, 5, Studio Place, Kinnerton Street, Knightsbridge, S.W.| Telephone : Sloane 06°89 





Specialists INTHE DESIGN AND MANUFACTURE OF 


WATER 
TURBINES 


(UP TO 1,000 B.H.P.) 


OIL PRESSURE GOVERNORS 
SLUICE GATES 
AND 
COMPLETE HYDRO-ELECTRIC 
INSTALLATIONS 


oes The Armfield 
comms HYDRAULIC ENGINEERING 


Penstock 
Relief ies 0 0 . L g 3) r 
RINGWOOD : HANTS: ENGLAND 
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re, S|, NNED 
= ARC-PLA 
be j= ITS pMENT wa ae 
mo | mechanised welding 
so productive - °° 
id Take, for instance, 


4 P Pm a | ™ ys 2 
ese . > A te, WELDED VESSELS 
lies _— + bei aan This class of work usually involves both straight 
ae a g seams and circumferential joints. The work is also 


likely to vary considerably in length and diameter. 
Fusarc planning produces a Welding Head 


MM A Seto Z % * mounted on a cantilever arm to extend the 
a q required distance over the work, and arranged on 
or . a shop-length runway. 


Power operation at controlled welding speeds 
meets all the necessary operating conditions. An 
adjustable roller bed accommodates and power 
rotates all sizes of vessels. Thus, with the Fusarc 
automatic Welding Head, the entire operation is 
mechanised, giving a high rate of production and 
consistent results. 

Interesting and factual Fusarc Mechanised Weld- 
ing Production News Sheets are published at fre- 
quent intervals. They cover an extensive field of 
production welding for all industries, and welding 
engineers are cordially invited to send in their 
@. ™ names for inclusion on 
oul a y the free mailing list, to 
ool : jae 7. LTD., Dept. C. F U SA HK Cc 
— , Team Valley, Gates- MECHANISED WELDING 
head-on-Tyne, II. 

















ANDO SLL FIX 
THE SWITCHGEAR 


~~ Bp 
ray 





Machinery and equipment? Bolt it down same day with Rawlbolts. 


¢ Aspe 


Ger that new plant into action quickly—speed up the fixings! Piss BS, a ai 


Screw fixings—wiring, lighting, pipes, switchgear and the rest—fix 


them fast, firm and permanently with Rawlplugs. Rawlplugs are the FIXING DEVICES 


World’s speediest, vibration-proof fixing devices—in brick, cement, 
concrete and all types of masonry. WRITE FOR TECHNICAL LITERATURE 


Use Rawlplug Fixing Devices where “ speed is the essence of the contract” B 396 
THE RAWLPLUG COMPANY LIMITED - CROMWELL ROAD +« LONDON «+ S.W.7 
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Hydro-electrification 


Scheme —Ceylon 


Truck for conveying 
pipes for 
pipeline and 


transformers 
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OVERHEAD 


When handling loads by 
man-power you cannot 
do better than instal a 
VAUGHAN Hand Crane. 
Easy to operate, and 
inexpensive to maintain, 
these hard - wearing 
rugged products still find 
unlimited uses in modern 
industry 


NECHELLS 
BIRMINGHAM 7 


ables: HAULING BIRMINGHAM] 


pip 


Telegrams &C 


Mm. B.WILD &C 


Made in Single- or Doubie- 
Girder Types and in sizes 
from 3 - 30 tons capacity. 
Roller bearing runners, 
high factor safety, 
worm geared hoisting 
motion 


of 


THE VAUGHAN CRANE CO. LTD. 
WEST GORTON, MANCHESTER 12. 
ENGLAND. 


Telephone EASt 1473, 
Qsk for Cat. Section 
S.G.7 or D.G.5. 
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Aluminium Bronze 

180 h.p. Turbine 
Runner supplied to Messrs. 
Gilbert Gilkes & Gordon 
Lid., of Kendal, England 


HIGH TENSILE 
ALUMINIUM BRONZE 


CASTINGS 


WATER POWER 
INSTALLATIONS 


possess a Tensile Strength of 45 tons ~ sq. in., 


have a specific gravity of only 7.5 and are 
guaranteed to withstand any hydraulic pressure; 
also highly resistant to erosion, corrosion and 
abrasion. 


We are specialists in all kinds of Non-Ferrous 
Castings in PHOSPHOR BRONZE, GUN- 
METAL, MANGANESE BRONZE, ETC. and in 
Light Alioy Castings, Chill-Cast Phosphor Bronze 
Rods and Tubes, Precision Machined Parts, etc. 


Fully approved by Admiralty and A.I.D. 


BI04 


T. M. BIRKETT & SONS. L™® 
HANLEY - STAFFS 


‘Grams: Birkett. Hanley Phone: Stoke-on-Trent 2184-5-6 


n association with 


BILLINGTON & NEWTON LT° 
LONGPORT, STOKE-ON-TREN 


ms:Bronze.Phone,Longport ‘Phone: Stoke-on-Trent 87303-4 488/47 


WATER POWER _ October 1951 


IARZACIN 
PROPELLER PUMPS 


FOR IRRIGATION AND DRAINAGE 


SOLE REPRESENTATIVES FOR 
GREAT BRITAIN, THE BRITISH COLONIES, AUSTRALIA 
and NEW ZEALAND 
MESSRS. C. WYKEHAM & COMPANY LIMITED 
17-19 Cockspur Street, Trafalgar Square, London, S.W.| 


Cable address: ‘‘Wycotraf”’ Telephone: WHltehall 5307 


AUSTRALIAN BRANCH 
MESSRS. C. WYKEHAM & COMPANY LIMITED 
34, Queen’s Road, Melbourne S.C.2 


MASCHINENFABRIK AUGSBURG-NUERNBERG, A.G., 
GUSTAVSBURG WORKS, GERMANY 
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Far from the 
madding crowd 


Site conditions of water power installations do 
not favour a tranquil life, but where the power dis- 
tribution is controlled by Ferguson Pailin Switch- 


gear there is at least one less cause for anxiety. 


As specialists in the design and manufacture of 
switchgear, of switchgear only, and of a full range 
of switchgear, we are unusually well qualified 
complete schemes of SUPREME 


to undertake 


RELIABILITY. 


Type ROP 54 oil circuit breaker 
for outdoor service up to 66kV. 


FERGUSON PAILIN LTD 


Switchgear Specialists 
MANCHESTER 11, ENGLAND 








Member of the A.E.!I, Group of Companies 
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THE RAILWAY GAZETTE. 
A journal of Railway Management, Engineering, Operation, 
and Railway News. It covers every phase of railway activity, 
It is truly said of this journal that it is ‘‘ Read Wherever there 
are Railways.”’ Yearly £4 10s. post free. Weekly 2s. 


DIESEL RAILWAY TRACTION. 
A monthly review of world-wide developments in diesel- 
engine design, practice and maintenance and diesel railway 
traction operation. Yearly 30s. post free. Monthly 2s. 6d, 


SHIPBUILDING AND SHIPPING RECORD. 
The only publication with direct appeal to both shipowner 
and shipbuilder. Its world-wide news organisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Yearly £4 10s. post free. Weekly 2s. 


POWER AND WORKS ENGINEERING. 
Specifically concerned with the effectiveness and economy of 
factory services, including steam raising, power generation 
and application, and all engineering plant problems. Yearly 
35s. post free. Monthly 2s. 6d. 


COLLIERY ENGINEERING. 
A practical journal dealing with all aspects of coal production; 
every branch of coal mining technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Yearly 35s. post free. Monthly 2s. 6d. 


COKE AND GAS. 
A technical journal dealing with the scientific and technical 
problems involved in the production of coke and gas in coke 
ovens and gasworks, and the industrial uses of these fuels. 
Yearly 30s. post free. Monthly 2s. 6d. 


THE RAILWAY MAGAZINE, 
A popular magazine containing illustrated articles on Railways 
and Locomotives. Published Monthly. Prepaid Annual Sub- 
scription 26s. Single copies 2s. 


NEW COMMONWEALTH. 
(Incorporating The Crown Colonist) describes and illustrates 
significant developments in production, trade, transportation 
and related spheres in all countries of the Commonwealth, and 
provides a unique service of economic information from 50 
countries with a total population of 560 millions. 
Yearly 24s. post free. Monthly 2s. 


THE INDUSTRIAL CHEMIST. 
A technical journal devoted to the progress of applied 
chemistry and chemical engineering. It is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Yearly 35s. post free. 
Monthly 2s. 6d. 


BUILDING. 
A_ journal 
contractors, designers and 
planning, design, construction and 
modern building work. Yearly 35s. post free. 


for practising and salaried architects, building 
specialists. It deals with the 
the administration of 
Monthly 2s. 6d. 


woobD. 
““Wood” is the on!y magazine of its kind. Primarily con- 
cerned with the use of wood, it includes articles on trees and 
timbers, design and construction in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Yearly 35s. post free. Monthly 2s. 6d. 


| FOOD. 


A journal devoted to the manufacture, packing and marketing 
of processed foodstuffs, and of the utmost value to firms 
supplying plant, equipment or materials for the food industry. 
Yearly 35s. post free. Monthly 2s. 6d. 
WATER POWER. 

A technical journal devoted to the study of all aspects of 
Hydro-Electric Development. Published monthly. Yearly 35s. 
post free. Monthiy 2s. 6d. 


All above published at 
33, Tothill Street, Westminster, London, S.W.! 
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BFC) ROPEWAYS 
CABLEWAYS 


Prelude to Power... 


BRECO Ropeways and Cableways provide vital links in the chain 
which converts H,,0 to K.V.A. Short links or long links—BRECO 
can build ropeways for dam building of any capacity or length, 
incorporating every labour saving device Experience counts and 
Breco are the largest suppliers of heavy capacity ropeways in the 
world today. Advice and literature freely and willingly supplied. 


BRITISH ROPEWAY ENGINEERING CO. LTD. 


PLANTATION HOUSE, MINCING LANE, LONDON, E.C.3 Tel. Mansion House 4681-2 











BITUMASsTIC 


for 


INDUSTRIAL 
IRON AND STEELWORK 


Industrial plant creates its own 
problems so far as corrosion is concerned. 
Airborne grit, moisture laden atmosphere, 
smoke and acid fumes all contribute to 
the corrosive conditions usually en- 
TT ae countered. 

A paint film, to be successful, must 
withstand these conditions and provide a 
full measure of protection for the under- 

lying metal. 
Specially designed coatings for 
af wot industrial application have long been a 
ey “i feature of the Wailes Dove service. We 
en [NI shall be interested to have details of your 
af particular corrosion problem. Why not 


’ i if i) ; ; 2 
ji ‘k a NX i _ = write to us to-day? 

HD) aaa 

Consett Iron Co. Led.—view of 130ft. Breeches WAILES DOVE BITUMASTIC LTD., 
Piping and Skiphoist, Dust Catcher and Stoves HEBBURN ‘ co. DURHAM. 


coated with “ Bitumastic’’ Aluminium Heat 
Resisting Solution. 
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Armfield Hydraulic Engineering Co. 
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Mild steel bifurcation pipe for water 
supply pipeline. Suitable for a work- 
ing pressure of 600 feet head. 


LONDON: 


HYDRO-ELECTRIC PIPELINES 


MECH AN 


SCOTSTOUN IRONWORKS, GLASGOW, W-4 
“ Nautical, Glasgow” 


Phone: Scotstoun 22// 


10 PRINCES STREET, WESTMINSTER, S.W.| 
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FIRST IN SERVICE 2 (50 YEARS 





FIRST FOR 
PERFORMANCE 


The Handril— Airleg— Holbit 
Combination 


Since the now world-famous and widely used 
Holman Combination first saw active service it 
has been responsible for a revolution in drilling 
technique. It has made one steel per hole the 
standard of drilling practice everywhere. Capable of 
drilling deep parallel holes in any direction, it cuts 
labour costs and increases output phenomenally. 


NEW DESIGN FEATURE — greatly improved 
control handle, which provides easier operation 
while retaining simple, robust construction. 


S.L.9D =) )«6SILVER DART he Rs SILVER BULLET 
Weight : 42 Ib. Weight : 48} Ib. 4 gf —S Weight: 50 Ib. r Weight : 584 Ib. 


MAKE SURE you receive prompt information 
about each new Holman development in this field. 
Are vou on our mailing list ? 


HOLBIT. Tungsten Carbide 
Bit. Cross and Cliset Types ) B RO sy LTD 


in various sizes from 1% in. 


 F —~ and Ae grades ; 
Vy an 
CAMBORNE. ENGLAND 


PHONE : CAMBORNE 2275 (9 LINES) GRAMS: AIRDRILL. CAMBORNE 
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ENGLISH ELECTRIC 


discharge regulator 








Discharge water from dam outlets 
possesses considerable energy which, 
if not regulated, would severely 
damage the sides of the valley, river 
bed and concrete structures. 

“ENGLISH ELECTRIC’ cylindrical 
balanced discharge regulators destroy 
this energy by transforming the jet of 
water into a hollow cone. 

The regulator isextremely compact, 
has simple control gear which can be 
manually or motor operated, while 
the balanced closing cylinder ensures 
that the valve is closed smoothly 
under all conditions. 

“ENGLISH ELECTRIC’ discharge 
regulators have various applications 
in hydro-electric and _ irrigation 
schemes ; large numbers are installed 
and are giving satisfactory service in 


many parts of the world. 





The ENGLISH ELECTRIC Company Limited 
QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 


Hydro-Electric Department, Stafford 


Works: STAFFORD + PRESTON RUGBY . BRADFORD + LIVERPOOL 











